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SECTION  I 
INTRODUCTION 


The  purpose  of  the  derivative  procedure  Is  to  provide  a first-order 
analytical  method  to  determine  the  effects  on  Inlet  and  nozzle  perfor- 
mance of  configuration  differences  from  the  nearest  configuration  repre- 
sented In  the  library  of  stored  maps  (which  are  built-up  for  specific 
configurations).  The  derivative  process  Is  Illustrated  In  Figure  1. 

The  derivative  procedure  utilizes  analytical  and  experimental  data  In 
determining  changes  In  the  stored  performance  maps  that  result  from 
geometric  changes  In  the  Inlet  anti  nozzle/aftbody  configurations.  The 
analytical  procedures  and  experimental  data  have  been  used  to  develop  an 
Interactive  computer  program  that  allows  the  user  to  Interactively 
account  for  changes  to  the  configurations  In  the  library.  The  program 
then  generates  new  Input  data  maps  In  the  PIPSI  format  that  represent  the 
performance  characteristics  of  the1  perturbed  configuration.  An  overlay 
structure  was  used  to  construct  the  program  as  shown  In  Figure  2. 


Fl^ire  2.  Derivative  Procedure  Overlay  Structure 


SECTION  II 

DERIVATIVE  PARAMETERS 

The  first  step  In  the  development  of  the  derivative  procedure  was  the 
selection  of  the  derivative  parameters.  The  derivative  parameters  are 
those  parameters  that  will  be  perturbed  to  produce  a new  set  of  perfor- 
mance characteristics  from  an  existing  (or  "baseline")  set  of  maps. 

The  criteria  used  to  select  the  derivative  parameters  were: 

1)  Variations  In  the  parameter  must  have  a significant  effect  on 

the  content  of  the  maps  used  to  describe  Inlet  or  nozzle/aftbody 
performance.  The  derivative  procedure  will  be  used  as  part  of 
an  overall  preliminary  analysis  procedure  for  calculating  first- 
order  propulsion  system  Installation  effects.  It  should  not  be 
used  for  detailed  design  studies  because  the  methodology  em- 
ployed In  developing  the  Input  data  for  the  Inlet  and  nozzle 
maps,  of  necessity,  requires  using  a variety  of  engineering 
analyses,  test  data  and  assumptions  based  on  experience  and 
judgment.  The  methods  employed  are  believed  to  be  reasonable; 
however,  the  procedure  may  not  be  sensitive  to  the  effects  of 
small  variations  In  some  design  variables.  The  user  should 
ascertain  whether  or  not  the  procedure  will  properly  evaluate 
the  desired  parameter  before  using  the  procedure.  The  deriva- 
tive parameters  selected  for  the  present  procedure  are  those 
which  have  been  clearly  Identified  by  test  or  analysis  as  having 
"first-order"  effects  on  Installed  performance. 


To  the  maximum  extent  possible,  an  attempt  was  made  to  define 
the  derivative  parameters  In  terms  of  geometric  variables  that 
can  be  easily  related  to  the  airplane  configuration.  This  was 
done  to  help  In  evaluating  the  effects  of  configuration  changes 
on  Installed  performance. 


3) 


Derivative  parameters  had  to  represent  trends  that  were  strong 
enough  to  be  clearly  evident  In  spite  of  the  scatter  In  test 
data  obtained  from  typical  Inlet  and  nozzle  tests. 


Table  I presents  a list  of  the  derivative  parameters  that  have  been 
selected  for  use  In  the  derivative  procedures.  The  definition  of  each  of 
these  parameters  is  Included.  Tables  II  and  III  present  the  derivative 
parameters  and  the  performance  map  variables  that  they  affect,  either 
directly  or  Indirectly. 
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TABLE  I 


DERIVATIVE  PARAMETERS  AND  THEIR  DEFINITIONS 


1)  Aspect  Ratio  - Applicable  to  two-dimensional  Inlets  only 

(AR) 

- Defined  as  Inlet  width  divided  by  Inlet  lip 
height  (relative  to  tip  position). 

2)  Sldeplate  Cutback  - Applicable  to  two-dimensional  Inlets  only 

(SPC) 

- Defined  as  the  percent  of  a full  sldeplate 
area  that  Is  removed  to  define  a partial 
sldeplate. 

The  upper  edge  of  a full  sldeplate  extends 
from  the  ramp  tip  to  the  cowl  lip. 

3)  First  Ramp  or  Cone  - Applicable  to  two-dimensional  and 

Angle  axlsynmetric  Inlets 

- Defined  as  surface  ramp  angle.  In  degrees, 
relative  to  horizontal  reference  line  for 
two-dimensional  inlets 

Defined  as  cone  surface  angle,  In  degrees, 
relative  to  Inlet  centerline  for  axisym- 
metrlc  Inlets  (cone  half-angle) 
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TABLE  I (Continued) 


4)  Design  Mach  Number 
(Mq  Design) 


5)  Cowl  Lip  Bluntness 


6)  Takeoff  Door  Area 


7)  External  Cowl  Angle 


8)  Exit  Nozzle  Type 
for  Bleed 


9)  Exit  Nozzle  Angle 
for  Bleed 


- Applicable  to  all  Inlets 

- Defined  as  the  maximum  Mach  number  at  which 
the  Inlet  Is  designed  to  operate 

- Applicable  to  all  Inlets 

Defined  as  the  Inlet  lip  surface  radius 
divided  by  the  lip  height. 


- Applicable  to  all  Inlets 

- Defined  as  the  total  door  throat  area  for 
the  takeoff  auxiliary  air  system  divided  by 
the  Inlet  capture  area 

- Applicable  to  all  Inlets 

Defined  as  external  cowl  surface  angle,  In 
degrees,  relative  to  Inlet  horizontal 
reference  line 

- Applicable  to  two-dimensional  and 
axlsjmmetrlc  Inlets 

- Defines  whether  bleed  exit  nozzle  Is 
convergent  or  convergent-divergent 

- Applicable  to  two-dimensional  and 
axlsymmetrlc  Inlets 

- Defined  as  bleed  exit  nozzle  angle.  In 
degrees,  relative  to  Inlet  horizontal 
reference  line 
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TABLE  I (Continued) 


10)  Exit  Flap  Aspect 

Ratio  for  Bleed 
(ARF) 

11)  Exit  Flap  Area 

for  Bleed 
(Ap/Ac) 


12)  Exit  Nozzle  Type 
for  Bypass 


13)  Exit  Nozzle  Angle 
for  Bypass 


14)  Exit  Flap  Aspect 

Ratio  for  Bypass 
(ARp) 

15)  Exit  Flap  Area 

for  Bypass 
(Ap/Ac) 

16)  Subsonic  Diffuser 

Area  Ratio 
(Aj/Aj) 


- Applicable  to  two-dimensional  and 
ax1s>mmetr1c  Inlets 

- Defined  as  flap  width  divided  by  flap  length 

- Applicable  to  two-dimensional  and 
axlsjmmetrlc  Inlets 

- Defined  as  flap  area  divided  by  Inlet 
capture  area 

- Applicable  to  all  Inlets 

- defines  whether  bypass  exit  nozzle  Is 
convergent  or  convergent-divergent 

- Applicable  to  all  Inlets 

- Defined  as  bypass  exit  nozzle  angle,  In 
degrees,  relative  to  Inlet  horizontal 
reference  line 

- Applicable  to  all  Inlets 

- Defined  as  flap  width  divided  by  flap  length 

- Applicable  to  all  Inlets 

• Defined  as  flap  area  divided  by  Inlet 
capture  area 

- Applicable  to  all  Inlets 

- Defined  as  exit  area  (compressor  face) 
divided  by  entrance  area  (throat) 


TABLE  I (Continued) 


17)  Subsonic  Diffuser 
Total  Wall  Angle 


18)  Subsonic  Diffuser 
Loss  Coefficient 
(6) 


19)  Throat  to  Capture 
Area  Ratio 

(at/ac) 


20)  Nozzie/Aftbody  Area 
Distribution 


Applicable  to  all  inlets 

Defined  as  the  total  equivalent  wall 
divergence  angle,  from  entrance  to  exit 

Applicable  to  all  inlets 

Defined  by  the  equation 

V*.  ■ ,0  - € •-  TTTuu1)11 

Applicable  to  Pitot  Inlets  only 

Defined  as  the  fixed  throat  area  divided  by 
the  inlet  capture  area 

Note:  if  this  parameter  Is  altered  and  the 

subsonic  diffuser  area  ratio  Is  not,  the 
compressor  face  area  is  scaled  with  throat 
area  at  a fixed  capture  (lip)  area. 

Applicable  to  all  nozzle/aftbodles.  Defined 
by  the  cross-sectional  area  distribution  as 
a function  of  station  from  A10  (ref.  area) 
to  Ag  (nozzle  exit  area).  Characterized 
by  the  parameter  IMSy  . 

Applicable  to  all  nozzle/aftbodles  with 
tails.  Defined  by  the  angular  orientation 
of  the  tail  mounting  location  relative  to 
the  vertical  position. 
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I 

I 


i 
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TARLE  I (Concluded) 


22)  Fore-and-aft  Tall 
Location 


23)  Base  Area 


24)  Plug  Half  Angle 


25)  Ramp  Half  Angle 


26)  Aspect  Ratio 
(Wg/Hg) 


27)  Divergence  Half- 
Angle 

<*DIV> 


- Applicable  to  all  nozzle/aftbodies  with 
tails.  Defined  by  the  location  of  the  aft 
point  of  the  tall/aftbody  junction  relative 

to  the  aftbody  length  (X.  - X.  ). 

A10  a9 

- Applicable  to  all  nozzle/aftbodies  with  base 
area.  Defined  by  the  ratio  of  the  base 
area,  Ag^.to  the  aftbody  reference  area, 

A10' 

- Applicable  to  round  plug  nozzles.  Defined 
as  the  half-angle  of  the  plug  centerbody 
measured  relative  to  the  plug  axial 
centerline. 

- Applicable  to  two-dimensional  wedge 
nozzles.  Defined  by  the  wedge  half -angle 
relative  to  the  wedge  centerline. 

- Applicable  to  two-dimensional  nozzles,  both 
C-D  and  wedge  types.  Defined  by  the  ratio 
of  nozzle  width  to  height  at  the  nozzle  exit 
station, 

- Applicable  to  convergent-divergent  round  and 
2-D  nozzles.  Defined  as  the  angle  of  the 
diverging  section  nozzle  wall  relative  to 
the  axial  centerline  of  the  nozzle. 
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TABLE  III  NOZZLE/AFTBODV  DERIVATIVE  PROCEDURE  REFERENCE  LIST 


SECTION  III 

ENGINEERING  DESCRIPTION  OF  DERIVATIVE  PROCEDURE 


1 

3.1  INLET  DERIVATIVE  PROCEDURE  j 

j 

The  purpose  of  the  Inlet  derivative  procedure  is  to  analytically  modify  a ! 

baseline  inlet  configuration  and  define  the  resulting  performance  charac- 
teristics in  a format  that  can  be  used  as  direct  input  to  the  PIPSI 
program.  Baseline  inlet  geometry  and  performance  characteristics  will 
be  represented  by  elements  of  a set  of  inlet  geometries  and  performance 
characteristics  contained  in  the  library  of  map  files.  The  inlet  geomet- 
ric characteristics  represented  by  the  inlet  configurations  contained  in 
the  basic  library  of  inlet  maps  are  shown  in  Table  IV.  The  derivative 
procedure  provides  a first-order  prediction  of  the  new  inlet  performance 
based  on  the  baseline  map  file  and  changes  in  derivative  parameters  from 
those  of  the  baseline  inlet.  | 

i 

This  procedure  Is  based  on  two  key  assumptions: 

(1)  Generally  applicable  functions  exist  which  relate  changes  In 

inlet  performance  characteristics  to  changes  in  inlet  design  j 

parameters;  and  j 

i 

I 

i 

(2)  The  derivative  procedure  will  not  alter  the  sophistication,  j 

technology,  design  philosophy,  or  mission  related  design  trades 

that  are  represented  by  the  baseline  inlet.  As  a result,  the 
Inlet  level  of  technology,  type  of  application,  complexity  and 
design  philosophy  are  removed  as  variables  in  the  derivative 
procedure.  It  is  important  to  note  that  as  a result  of  this 
approach;  a new  inlet  with  given  design  variables  will  not  have 
completely  unique  performance  characteristics  if  it  Is  generated 
by  perturbations  from  different  baseline  map  files.  Each  result 
will  reflect  the  design  of  the  chosen  baseline  inlet. 


TABLE  IV  SUMMARY  OF  INLET  CONFISCATIONS  AND  DERIVATIVE  PARAMETERS 

CONFIGURATION  NUMBERS 
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Simplified  flow  charts  are  included  that  provide  a basic  outline  of  the 
procedure  and  each  of  its  steps.  The  seven  basic  steps  in  the  procedure 
(Figure  3)  are  ordered  In  a manner  which  provides  a sequential  definition 
of  the  new  performance  maps  without  the  requirement  of  Iteration  between 
later  and  early  steps.  A summary  of  these  steps  is  as  follows: 

STEP  1 

The  effect  of  geometry  modification  on  Inlet  capture  is  determined  for 
two-dimensional  Inlets  from  the  Petersen-Tamplln  analysis  using  a single 
ramp  Inlet  approximation.  For  axlsymmetrlc  Inlets  the  effects  of  Inlet 
modification  are  determined  from  a single  cone  analysis.  The  effect  of 
design  Mach  number  for  both  these  Inlet  types  alters  the  Mach  1.0  Inlet 
captured  mass  flow  ratio,  AQ  /A^,  and  provides  a correction  over 
the  supersonic  and  subsonic  Aach  number  range.  For  supersonic  pitot  type 
Inlets,  the  effect  of  a change  In  design  Mach  number  on  Inlet  captured 
mass  flow  ratio  Is  calculated  using  the  assumption  of  fixed  throat  to  lip 
area  ratio. 


STEP  2 

Changes  In  bleed  mass  flow  caused  by  design  modifications  are  calculated 
by  accounting  for  the  effects  of  altered  geometry  on  surface  wetted-area 
ratio  and  changes  In  Inlet  pressure  gradient. 


STEP  3 

"Engine-plus-bypass"  supply  mass  flow  ratio,  Aq/A^. , 

simply  by  reducing  the  Inlet  captured  mass  flow  ratio,  A.  /A, 

°I  i 


Is  determined 
by 


the  required  bleed  mass  flow  ratio,  Art  /A, 

°BLC 


C' 


STEP  4 

Changes  In  Inlet  recovery  due  to  gcumetry  modifications  are  determined 
from  changes  in  shock  losses  and  subsonic  diffuser  recovery.  The  effect 
of  design  Mach  number  change  on  recovery  Is  determined  from  the  use  of 
the  loss  coefficient,  , at  equivalent  Mach  numbers. 
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(BLEED)  (BYPASS) 
A°BLC  AoBYP 


(CAPTURE! 


BLEED 

EXIT 


bypass 

DOOR 


(SUPPLY.  CAPTURE -BLEED! 


Step  1 


Step  2 


Step  3 


Step  4 


Step  5 


Calculate  effect  of  geometry  modification  and  design 
mach  number  on  inlet  mas  flow  ratio,  Aq^/Aq. 

Calculate  efTect  on  boundary  layer  Meed  mas  flow 
ratio,  AfA  JAq,  due  to  geometry  modifications  and 
changes  in  pressure  gradients. 

Calculate  new  inlet  supply,  ArJAr-.  from  new  An/Ar 
•nd  A^^/Ac.  ^ 

Calculate  effect  on  inlet  recovery  due  to  geometry 
modifications,  design  mach  number,  and  subsonic  diffuser 
efficiency. 

Calculate  efTect  on  spillage  drag.  of  geometric 

modifications  and  design  mach  number. 


Step  6 Calculate  effect  on  bleed  drag,  Cnnl  of  geometric 

uoLu 

modifications  and  changes  in  design  mach  number. 

Step  7 Calculate  effect  on  bypass  drag,  Cq  , of  geometric 
modifications  and  changes  in  design8*"  mach  number. 


Figure  3.  Inlet  Derivative  Procedure  Flow  Chart 


j 


I 


t 


STEP  5 

The  changes  In  spillage  drag  due  to  design  modifications  are  calculated 
in  a manner  similar  to  the  inlet  capture  mass  flow  ratio  by  determining 
the  design  change  effect  for  a single  ramp  or  single  cone  inlet. 

STEPS  6 and  7 

Changes  In  bleed  and  bypass  drag  due  to  design  modifications  are  deter- 
mined by  recalculation  of  the  bleed  and  bypass  system  drag. 

Any  step  in  this  process  may  depend  on  a previous  step,  but  does  not 
depend  on  any  following  step,  thereby  allowing  a non-iterative  procedure. 
Table  V summarizes  some  of  the  main  sources  of  data  and  methods  used  in 
the  inlet  derivative  procedure. 


3.2  NOZZLE/AFTBODY  DERIVATIVE  PROCEDURE 

A nozzle/aftbody  drag  calculation  procedure  has  been  formulated  which 
performs  two  functions: 

(1)  It  calculates  nozzle/aftbody  drag  as  a function  of  aft-end 
closure  effects  (area  distribution  will  be  used  as  input  to 
reflect  the  effects  of  aspect  ratio,  boattall  shape,  and  twin 
nozzle  spacing),  tail  position  (radial  orientation  and  axial 
location),  and  base  area. 

(2)  Revised  nozzle/aftbody  drag  maps  are  generated  which  Incorporate 
the  effects  of  perturbations  in  nozzle/aftbody  geometry  on 
drag.  Flow  charts  showing  the  major  steps  in  the  nozzle/aftbody 
calculation  procedure  are  presented  in  Section  VI. 

The  drag  calculation  procedure  begins  with  an  input  cross-sectional  area 
distribution  for  the  aftbody  from  which  the  IMSy  parameter  is  calcu- 
lated for  this  area  distribution.  The  IMSy  value  Is  used  as  Input 
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i 
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TABLE  V INLET  DERIVATIVE  PROCEDURE  DATA  SOURCES 

PARAMETER  SOURCE  OF  DATA  | EXAMPLE 

1.  ASPECT  RATIO  ANALTT1CAL  CALCULATION  USING 
(FOR  2-0  INLETS)  METH00S  OF  AFAPL-TR-66-30 

CHANGES  IN  ASPECT  RATIO  AFFECT: 

1.  Aq^/Ac  (‘TCTTEO  AREA) 

*•  *0/*C 

3*  VPT0 

4.  ADDITIVE  DRAG 


2.  SI  DEFLATE  ANALYTICAL  CALCULATION  USING 

CUTBACK  METHODS  OF  AFAPL-TR-66-30 

(FOR  2-D  INLETS) 

(SAME  AS  ABOVE) 


FIRST  RAMP  ANGLE  ANALYTICAL  CALCULATION  USING 

(2-D  INLETS)  METHODS  OF  AFAPL-TR-66-30 


FIRST  CONE  ANGLE  ANALYTICAL  CALCULATION  USING 
(AXISYMMETRIC  AN  AXISYMMETRIC  CALCULATION 

INLETS)  PROCEDURE  SIMILAR  TO  2-D 

PROCEDURE  ABOVE. 

AFFECTS:  1.  Aq  /Ag 

2.  Aqi7Ac 

3.  Pt?/Pt- 


TAILE  V INLET  DERIVATIVE  PROCEDURE  DATA  SOURCES  (cent.) 


PARAMETER 


DESIGN  MACK 


SOURCE  OF  DATA 


MACH  NUMBER  EQUIVALENCE 
RELATIONSHIPS. 

CHANGES  BECAUSE 
PRESSURE  GRADIENT  CHANGES. 
pT2/pTq  CHANGES  BECAUSE 
TIP  SHOCK  LOSS  CHANGES 

"V 


A^/Aj  CHANGES  BECAUSE  SONIC 
MASS  FLOW  CAPABILITY  GOES 
DOWN  AS  Mq  INCREASES. 

MAX  OBTAINABLE  THROAT 

AREA  RATIO.  Aj/Ag,  TYPICALLY 
IS  SMALLER  AS  INCREASES. 


5.  COWL  LIP  BLUNTNES2  LOW-SPEED  PROCEDURE  DOCUMENTED 

IH  AFFDL-TR-72-147. 


EXAMPLE 


}(APr/P 


GEOMETRIC  CHANGES  FIRST 
THEN  MACH  NUMBER  EFFECTS 


■y 


SOURCE  OF  DATA 


6.  TAKEOFF  DOOR  AREA  LOW-SPEED  PROCEDURE  DOCUMENTED 

IN  AFFDL-TR-72-147 


7.  EXTERNAL  COWL 
ANGLE 


CORRELATION  DEVELOPED  FROM 
EXPERIMENTAL  DATA 
THAT  RELATE  EXTERNAL  COWL 
ANGLE  TO  Kadd 


8.  EXIT  NOZZLE  TYPE  NOZZLE  CAN  BE  EITHER  CONVERGENT  C 
(FOR  BLEED)  CONVERGENT/DIVERGENT 

USED  IN  MOMENTUM  DRAG  CALCULATION 

ANALYTICAL  METHODS  DOCUMENTED 
IN  AFFDL-TR-72-147  AND 
PITAP  BLEED  RECOVERY 


EXIT  NOZZLE  ANGLE  USER  CAn  SELECT  NOZZLE  EXIT  ANGL 
FOR  BLEED  FOR  MOMENTUM  DRAG  CALCULATE 

ANALYTICAL  METHODS  DOCUMENTED  IN 
AFFDL-TR-72-147 


TABLE  V INLET  DERIVATIVE  PROCEDURE  DATA  SOURCES  (cont.) 


PARAMETER 


SOURCE  OF  DATA 


EXAMPLE 


EXIT  FLAP  AREA 
FOR  BLEED 


10 J EXIT  FLAP  ASPECT  ASPECT  RATIO  IS  A Ihi 
RATIO  FOR  BLEED  ...  ^ED  T0  CALCULATE  FLAP  i'KA 

FLAP  DRAG  IS  CALCULATED 
BY  METHODS  DOCUMENTED  IN 
AFFDL-TR-72-147 


FLAP  AREA  IS  A USER  INPUT  AND 
IT  IS  USED  TO  CALCULATE  FLAP  DR 

FLAP  DRAG  CALCULATION  METHODS 
ARE  DOCUMENTED  IN 
AFFDL-TR-72-147 


12  EXIT  NOZZLE  TYPE  NOZZLE  TYPE  CAN  BE  EITHER  | 

FOR  BYPASS  CONVERGENT  OR  C-D.  USED  IN 

MOMENTUM  ORAG  CALCULATION. 

ANALYTICAL  METHODS  DOCUMENTED  IN 
AFFDL-TR-72-147 


EXIT  NOZZLE  ANGLE  USER  CAN  SELECT  NOZZLE  EXIT 
FOR  BYPASS  ANGLE  USED  IN  MOMENTUM  DRAG 

CALCULATION 

ANALYTICAL  METHODS  DOCUMENTED  IN 
AFFDl-TR-72-147 


1 


23 


mo  n; 


TABLE  V INLET  DERIVATIVE  HWL2&UAE  .DATA  SOURCES  (cont.) 


PARAMETER 


SOURCE  Vf  DATA 


14  EXIT  FLAP  ASPECT  FUP  aspect  WTI0  ls  A US£R 
RATIO  FOR  BYPASS  IMPUT  USED  TO  CALCULATE 


15.  EXIT  FLAP  AREA 
FOR  BYPASS 


FLAP  DRAG.  FLAP  DRAG 
IS  CALCULATED  BY  METHODS 
DOCUMENTED  IN  AFFDL-TR-72-147. 


EXIT  FLAP  AREA  IS  INPUT  BY  USER. 
FLAP  AREA  IS  USED  IN  FLAP  DRAG 
CALCULATION.  CALCULATION 

METHODS  ARE  DOCUMENTED  IN 
AFFDl-TR-72-147. 


EXAMPLE 


‘o-S 


16.  SUBSONIC  DIFFUSER  SUBSONIC  DIFFUSER  DATA 


AREA  RATIO 


CORRELATIONS  RELATING 
OIFFUSER  TOTAL  PRESSURE  RECOVERY  * 
TO  OIFFUSER  AREA  RATIO.  £ 

DATA  SOURCES:  NWCTP5555,  " 

AFFDL-TR-69-21,  RH  L56F05. 


17.  SUBSONIC  DIFFUSER  SUBSONIC  OIFFUSER  DATA 
TOTAL  WALL  ANGLE  CORRELATIONS  RELATING 

OIFFUSER  TOTAL  PRESSURE  RECOVERS 
TO  DIFFUSER  TOTAL  HALL  ANGLE. 
DATA  SOURCES:  NWCTP5S55 
AFFDL-TR-69-21, 

RM  LS6F0S. 


TABLE  V INLET  DERIVATIVE  PROCEDURE  DATA  SOURCES  (concluded) 


PARAMETER 


SOURCE  OF  DATA 


EXAMPLE 


IB.  SUBSONIC  DIFFUSER  DIFFUSER  LOSS  COEFFICIENT  IS  AN 
LOSS  COEFFICIENT  OPTIONAL  INPUT  BV  THE  USER.  I 

DIFFUSER  RECOVERY  IS  THEN  CALCUL  JED 
BY  AN  EQUATION  RELATING  €.  , nd 

V\ 


Fy  /Ft  * 
t2  '1 

l - € (1  - 7 L-77r5) 

(1  ♦ .2Mj  )3*5 


19,  Ay/Ac  (FOR  PITOT  INPUT  Aj/Ag  IF  DIFFERENT  FROM 
INLETS  ONLY)  LIBRARY  VALUE  USER  MUST 

CONSIDER  EFFECT  OF  AREA  RATIO 
ON  INLET  CAPTURE,  SINCE  THE 
INLET  THROAT  MACH  NUMBER 
IS  HELD  CONSTANT 
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to  data  correlations  which  provide  nozzle/aftbody  drag  as  a function  of 
IMSt*  Mach  number,  and  exhaust  nozzle  exit  static  pressure  ratio.  Data 
correlations  based  on  IMSj  parameters  are  available  for  certain  classes 
of  Installations,  namely: 

(1)  Single,  Isolated  axlsymmetrlc  configurations 

(2)  Twin  axl symmetric  configurations 

(3)  S'hgle  2-D  wedge  nozzle  configurations 

(4)  Twin  2-D  wedge  nozzle  configurations 

The  data  correlations  listed  above  are  used  to  predict  drag  of  similar 
configurations  within  the  limitations  of  the  data  correlations.  Input 
requirements  must  be  fairly  detailed  because  an  accurate  cross-sectional 
area  distribution  must  be  available  as  Input  to  compute  the  IMSy  param- 
eter. 

After  .obtaining  the  basic  nozzle/aftbody  drag  from  the  IMSj  correla- 
tions, drag  corrections  are  added  to  account  for  the  radial  orientation 
of  tails,  longitudinal  location  of  tails,  and  base  drag.  The  total  drag 
Is  then  calculated  as  the  sum  of  the  Individual  drag  contributions.  The 
drag  calculation  process  Is  repeated  for  both  the  old  (baseline)  config- 
uration and  the  new  (perturbed)  configuration.  The  Incremental  drag 
difference  Is  then  added  to  the  old  (baseline)  drag  map  to  produce  a new 
drag  map  for  the  new  (perturbed)  configuration. 

3.3  NOZZLE  GROSS  THRUST  COEFFICIENT  DERIVATIVE  PROCEDURE 

Using  the  calculation  procedure  built  Into  this  program,  Incremental 
changes  In  nozzle  geometric  variables  are  made  by  the  user  and  the  re- 
sulting changes  In  Cp  are  calculated.  The  program  then  adds  the 
Incremental  changes  nozzle  Cf  to  the  old  (baseline)  Cp 
to  obtain  the  Cp  map  for  the  new  configuration. 
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The  calculation  methods  used  to  determine  the  effects  on  nozzle  gross 
thrust  coefficient  (Cp  ) of  changes  In  nozzle  geometric  variables 
depend  greatly  on  the  lype  of  nozzle  being  used.  Separate  calculation 
flow  paths  were  constructed  to  handle  each  of  the  following  nozzle  types: 

(1)  Axlsjronetrlc  Convergent-Divergent 

(2)  Axlsywnetrlc  Plug 

(3)  Two-Dimensional  Convergent-Divergent 

(4)  Two-Dimensional  Plug  (Wedge) 

The  derivative  parameters  for  each  nozzle  type  are: 


NOZZLE 

DERIVATIVE 

TYPE 

PARAMETERS 

AX1  C-D 

#DIV 

DIVERGENCE 

HALF-ANGLE 

AX I PLUG 

®p 

PLUG  HALF-ANGLE 

2-D  C-D 

W9/H9 

ASPECT  RATIO 

®DI  V 

DIVERGENCE 

HALF-ANGLE 

2-D  WEDGE 

W9/H9 

ASPECT  RATIO 

*N  RAMP  (WEDGE) 

HALF-ANGLE 

The  user  of  the  derivative  procedure  has  the  options  available  to  calcu- 
late the  effect  on  the  Input  Cp  map  of  any  of  the  derivative  param- 
eters shown  In  the  right  hand  column  above.  The  methods  and  data  used 
to  calculate  the  effects  of  variations  In  each  of  the  derivative  parame- 
ters are  described  In  the  sections  which  follow. 
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for  a Round  C-D 


i 


i 


► 


t 
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3.3.1 


Effect  of  Divergence  Half-Angle  on  C 

Nozzle 


The  input  map  format  for  round  C-D  nozzles  used  by  the  RIPSI  program  is 
illustrated  in  Figure  34.  This  map  provides  Cp  as  a function  of 
nozzle  pressure  ratio,  PTg/PQ,  tor  various  nozzle  expansion  ratios, 
Ag/Ag.  To  provide  a method  whereby  the  effect  of  $DIV  could  be 
related  to  area  ratio,  a typical  round  C-D  nozzle  6 0IV  variation  as  a 
function  of  Ag/Ag  was  adopted  for  programming  into  the  procedure. 

With  a knowledge  of  Ag/Ag  and  it  is  possible  to  determine  the 

angularity  loss,  using  the  experimental  angularity  loss  coefficient  data 
shown  in  Volume  I. 


3.3.2 


Effect  of  Plug  Half-Angle  on  Cc 

hG 


for  a Round  Plug  Nozzle 


The  input  map  format  for  an  axisymmetric  plug  nozzle  provides  nozzle 
gross  thrust  coefficient,  Cp  p as  a function  of  nozzle  pressure 
ratio  PT8/P0  for  various  are§  ratios,  Ag/Ag.  To  obtain  the 
relationship  of  Ag/Ag  and  plug  half  angle,  a two-dimensional  table 
look-up  set  of  data  was  prepared  that  represents  the  geometric  relation- 
ships between  lip  angle,  a, plug  half  angle,  $p,  and  area  ratio, 

Ag/Ag,  for  a typical  plug  nozzle  configuration.  These  data  were 
programmed  into  the  code  to  provide  data  necessary  to  calculate  the 
parameter  (a-  flp)  used  in  the  data  correlation  that  provides  the  plug 
nozzle  performance  loss.  This  correlation,  documented  in  Volume  I,  is 
based  on  experimental  data. 


3.3.3 


Effect  of  Aspect  Ratio  and  Divergence  Half-Angle  on  Cp 
a Two-Dimensional  Convergent-Divergent  Nozzle 


G 


for 


The  methods  used  in  developing  the  computer  code  for  the  2-D  C-D  nozzle 
internal  performance  calculations  are  based  primarily  on  the  experimental 
data  gathered  during  the  AFAPL  Installed  Turbine  Engine  Survivability 
Criteria  contract.  These  tests  provided  data  on  a variety  of  2-D  nozzles 
of  various  aspect  ratios  and  divergence  angles. 


i 


1 


i 


i 

i 

i 
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The  input  map  format  for  the  2-D  C-D  nozzle  provides  nozzle  Cp  as  a 
function  of  pressure  ratio  and  nozzle  jet  area.  Two  jet  area  Schedules 
are  provided,  minimum  jet  area  and  maximum  jet  area,  corresponding  to  the 
experimental  configurations  tested.  An  optimum  schedule  of  area  ratio  Is 
used  for  each  of  the  jet  area  settings.  The  area  ratio  schedule  Is 
truncated  at  a maximum  area  ratio  of  1.60,  corresponding  to  the  maximum 
area  ratio  used  In  the  tests.  A divergence  angle  schedule  was  also 
obtained  from  the  test  configurations.  With  the  geometric  relationships 
provided  by  the  previous  Ag/Ag  and  flpjy  schedules,  the  necessary 
Input  parameters  are  available  to  obtain  Cp  as  a function 

of  Ag/Ag  and  e ^ from  a correlation  of  explr?S§iltal  data.  The 
Cp  values  for  old  and  new  configurations  provide  the  data 

„eS<«o  obtain  the  ACp  resulting  from  the  geometric  change  In 
®DIV*  ^ata  p1ots  are  Resented  In  Volume  I. 


The  experimental  data  were  also  used  to  obtain  the  effect  of  nozzle 
aspect  ratio.  These  data,  presented  In  Volume  I,  provide  a correction 
factor,  Cr  /Cc  as  a function  of  Log a for  minimum 

* r r 


G G 


A-  1 


and  maximum  jet  area  settings. 


3.3.4 


Effect  of  Aspect  Ratio  and  Wedge  Half -Angle  on  Cp 
Wedge  Nozzle 


G 


of  a 2-D 


The  format  for  2-D  wedge  nozzle  PIPSI  Input  data  maps  provides  Cp 
as  a function  of  nozzle  pressure  ratio,  Pyg/P0»  fo r two  nozzle  aria 
ratio  schedules,  one  for  non- afterburning  operation  and  one  for  maximum 
afterburning  operation.  These  schedules  assume  that  variable  area  nozzle 
geometry  Is  available  such  that  the  nozzle  area  ratio  can  be  scheduled  to 
operate  at  the  optimum  value  until  the  geometric  limits  of  nozzle  travel 
are  reached. 


Experimental  data  were  used  to  provide  the  correction  factors  for  2-D 
wedge  nozzle  aspect  ratio  and  wedge  angle.  The  data  used  In  the  computer 
program  were  prepared  as  correction  factors  relative  to  the  baseline 
values  of  a wedge  angle,  #p,  of  10°  and  an  aspect  ratio,  Jt  , of 
1.0.  The  resulting  correction  factors  are  presented  In  Volume  I. 


29 


Flow  charts  are  presented  In  Section  VI  which  show  the  calculation  pro- 
cedure used  to  calculate  the  new  nozzle  Cc  maps. 


SECTION  IV 

PROGRAM  INPUT  AND  EXECUTION 


The  derivative  procedure  program  (DERI VP)  Is  an  overlay  program  written 
In  Extended  Fortran  IV  (FTN)  for  the  ASD  CDC  NOS/BE  computer  system.  The 
program  Is  run  exclusively  In  an  Interactive  mode  In  under  60K  octal 
words  of  memory. 

The  Inputs  to  the  program  consist  of  maps  and  derivative  parameters  on 
disk  files  which  are  attached  prior  to  program  execution.  User  Inputs  to 
modify  particular  derivative  parameters  are  made  through  interactive 
l^put. 

The  output  of  the  program  consists  of  printed  results  and  a PIPSI  Input 
file.  The  user  may  select  the  creation  of  these  output  via  an  Inter- 
active Input. 

4.1  TABLE  FORMATS 

i he  values  In  the  tables  are  stored  on  disk  In  a 10F7.0  card  format.  The 
meanings  of  the  quantities  placed  In  a card  Image  differ  depending  on  the 
type  of  table.  There  are  four  table  types: 

a)  one-dimensional 

b)  two-dimensional  (synmetrlc) 

c)  two-dimensional  (non-symmetric) 

d)  three-dimensional 

' In  all  the  Input  tables  the  Independent  variables  must  always  be  In 
Increasing  order. 
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4.1.1 


One-D imeris i onal  Table  Definition 


Card  1 Table  Definition  Card  Format 

Cols. 

1-7  Table  Name  A7 

8-14  Number  of  X Values  F7.0 


Card  2 X Values 

Cols. 

1-7  Xj 

8-14  X2 


64-70 

X10 

Card  3 

Table  Values 

' Cols. 

1-7 

f(Xj) 

8-14 

f<*2> 

64-70  f(x10) 


4.1.2  Two-Dimensional  Table  Definition  (Symmetric) 


t 


£ard_l 

Cols. 

1-7 

8-14 

15-21 


Table  definition  Card 

Table  Title 
Number  of  X Values 
Number  of  Y Values 
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F 7 


F7 


F7.0 


F7.0 

F7.0 


F7.0 


Format 


A7 

F7.0 

F7.0 


I 


Y Values 


Ci-rd  ? 
Cols. 
1-7 
8-14 


F7.0 

F7.0 


64-70 


Card  3 
Cols. 
1-7 
8-14 


F7.0 


F7.0 

F7.0 


64-70 


F7.0 


Card  4 
Cols. 
1-7 
8-14 


Table  values  for  Yj,  and 
all  X values 

f (xi *yi ^ 

T (*2  ) 


F7.0 

F7.0 


64-70 

X 

o 

<< 

M 

F7.0 

Card  5 

Table  Values  for  and 

Cols. 

all  X Values 

1-7 

F7.0 

8-14 

• 

• 

f(x2,Y?) 

• 

F7.0 

• 

• 

64-70 

• 

• 

^lO'V 

Etc.  for  additional  Y values 
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• 

• 

F7.0 

f 


- 4.1.3  Two-Dimensional  Table  (Non-Symmetrlc) 


Card  1 Table  Definition  Card  Format 

Cols. 

1-7  Table  Name  A7 

8-14  Number  of  Y Values  F7.0 

Card  2 Number  of  X Values  for 

Cols.  A Particular  Y Value 

1-7  NX  (Yj)  F7.0 

8-14  NX  (Y2)  F7.0 


64-70  NX  (Y10)  F7.0 

Card  3 Y Values 

Cols. 

1-7  Yj  F7.0 

8-14  Y2  F7.0 


64-70 

Y10 

Card  4 

X Values  for  Y 

Cols. 

1-7 

X1<V 

8-14 

) 

F7.0 


F7.0 

F7.0 


64-70  Xl0(yi) 


F7.0 


34 


Table  Values  for  (X^-X^Y^) 


Card  5 
Cols. 


1-7 

fUj.Yj) 

F7.0 

8-14 

• 

ffXg.Yj) 

a 

F7.0 

• 

* 

64-70 

• 

• 

f (xio* Yl ) 

• 

• 

F7.0 

Card  6 

X Values  for  Y2 

(see  Card  4} 

Card  7 

Table  Values  for  f ^i~xio * Y2 ^ 

(see  Card  5) 

4.1.4 

Three-Dimensional  Table  Definition 

Card  1 

Table  Definition  Card 

Format 

Cols. 

1-7 

Table  Name 

A7 

8-14 

NX  ■ number  of  X values 

F7.0 

15-21 

NY  ■ number  of  Y values 

F7.0 

22-28 

NZ  ■ number  of  Z values 

F7.0 

Card  2 

X Values 

Cols. 

1-7 

X1 

F7.0 

8-14 

• 

V 

• 

F7.0 

• 

• 

* 

64-70 

• 

• 

X10 

• 

a 

F7.0 

Card  3 
Cols. 
1-7 


Y Values 


64-70 


Card  4 
Cols. 
1-7 


Z Values 


64-70 

Card  5 
Cols. 
1-7 
8-14 


64-70 


Card  6 
Cols. 


Table  Values  for  Yp  Zp 
and  all  X Valut'S 
WpYpZj} 
f(x2.v1,z15 


f^X10»Yl*Zl^ 

Table  Values  for  YpZj 
and  all  X Values 

f(*pV2.Z1) 

^(XpYpZj) 


64-70 


f (X1 0’VZ2 

Etc.  until  Y Values  have  been  gone  through 
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Card  5+NX 
Cols. 

1-7 

8-14 


Table  Values  for 
and  all  X Values 

Wl.Yl*Z2> 

f^2.Y1.Z2) 


64-70 


f(XlO*Yl*22> 

Etc.  until  ail  Y and  L Values  have  been  gone  through 
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4.1.6  Table  Examples 

Examples  of  tables  In  each  of  the  first  3 formats  are  shown  In  Figure  4,  i 

and  an  example  of  the  three-dimensional  table  format  Is  shown  in  Figure  5.  j 

i 

! 


i 

* 


Tables  7, 


Table  2E6 
• 55  .7 

1.055  .935 


8. 


0. 

.8489 

.85 

1.0 

0. 

.04 

.08 

.12 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.062 

.125 

.198 

0. 

.05 

.10 

.156 

0. 

.036 

.075 

.117 

0. 

.03 

.062 

.097 

0. 

.025 

.052 

.081 

0. 

.02 

.045 

.074 

•8  1-2  1.6  2.0 

•89  .846  .89  ,035 

Table  Type  1 


1.2 

1.4 

1.7 

.16 

.20 

.24 

0. 

0. 

0. 

0. 

0. 

0. 

CD 

CVi 

» 

.38 

.50 

.217 

.29 

.375 

.162 

.22 

.29 

.135 

.1B5 

.241 

.116 

.16 

.216 

.11 

.153 

.21 

TABU2A6 
7.  6.  * 

7. 

.55 

.70 

.85 

.7 

.a 

.9 

.9915 

.991 

.985 

.6 

.7 

.8 

.99 

.99 

.985 

.5 

.6 

.7 

.99 

.99 

.989 

.S 

.6 

.7 

.58 

.979 

.977 

.500 

,600 

.700 

.97* 

.970 

.965 

.5 

.6 

.7 

.958 

.953 

,949 

Table  Type  2 


7. 

8. 

9. 

1.20 

1.60 

2.0 

1.0 

1.055 

1.075 

.969 

.95 

.933 

.9 

.95 

.97 

.974 

.945 

.90 

.8 

.85 

.875 

.983 

.975 

.962 

.8 

.85 

.875 

.973 

,9£7 

.955 

.800 

.850 

.875 

.958 

.955 

.940 

,8 

.9 

.93 

.944 

.935 

.925 

Table  Type  3 


1.1, 

.875 


.905 

.90 

.902 

.90 

.885 

,925 

.935 

.92 


.890 

.900 

.943 

.900 


.95 

.85 


<•  £*«•*>!•*  of  Three  Table  Type* 


4 


I 

/ 

1 


1 

1 


I 


l 
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2. 


TABLEAB2.  2. 

1.  2. 

1.  2. 

1.  2. 

1.  1. 

1.  1. 

1.  1. 

1.  1. 

2.  2. 

2.  2. 

2.  2. 

2.  2. 


Figure  S Example  of  a Three-Dimensional  Table 
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4.2  DISK  FILES 

I 

[ The  derivative  procedure  program  utilizes  three  input  disk  files  and  two 

output  disk  files  for  program  data  communication.  The  user  governs  the 
usage  of  these  disk  files  by  responding  to  prompts  when  executing  the 
program. 

4.2.1  Input  Disk  Files 

Three  disk  files  must  be  attached  prior  to  program  execution,  in  order  to 
run  all  maps  necessary  for  a PIPSI  execution.  These  files  are  as  follows: 

TAPE  51  - Inlet  maps  and  Inlet  Derivative  Parameters 

TAPE  52  - Afterbody  Drag  Map  and  Derivative  Parameters 

TAPE  53  - Nozzle  Thrust  Coefficient  (CP  ) Map  and 

* r 

Derivative  Parameters 

Only  the  disk  files  needed  to  run  the  desired  maps  need  to  be  attached 
before  executing  the  program. 

4.2.1. 1 Inlet  File  (TAPE  51) 

This  disk  file  consists  of  four  separable  sections  of  input: 

1)  Inlet  Title  Card 

2)  Inlet  Derivative  Parameters 

3)  Non-changeable  Inlet  Parameters 

4)  Inlet  Tables 

Figure  6 shows  an  example  of  a typical  Inlet  file 

4. 2. 1.1.1  Inlet  Title  Card 

An  80-character  title  card  must  be  the  first  card  of  the  inlet  file.  It 
is  read  with  an  A format  and  is  printed  as  a heading  on  the  output  data. 


1 


I 

i 

I 


i 

i 


I 


i 

i 

i 

i 
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NVSTO  INLET 

0.  0*  22. 


0.  1.3 

TABLE!  3. 


1.0 

-.42 — 


0.  .40  2.0 

TA1I.E2A7. 

-4*. *-». 4 ft- 4 ft. 4ft. 4ft. 4ft. 

.40  .ft  1.0  1.4  1.4  1.4  2.0 

.3400  .4440  .7479  .7904  .4234  .4440  .ft35ft  .0453  .0495  .0494 

— *990f— *9447 .ft*4H *9720 — .9497 .till .0644 — *9340  .9137 .404ft 

•5302  .5959  .4441  .7104  .7294  .7443  .7530  .7544  .7500  .7059 

•9079  .9039  .9754  .9455  .9990  .9531  .9484  .9423  .9352  .0473 

—.4404 — *4744 *4340  .4W-..TH4  .7304  . .7470 — *7401— .7410  —*7410 — 

.9040  .9005  .9751  .9407  .9500  .9332  .9485  .9430  .9333  .0444 

• 0442  .41)83  .4427  .7132  .7405  .7473  .7785  .7845  .t070  *7402 

— *4777 *47 04—* ftlftft  .4444  .9444— -.0046- -.0014 — *4442 *9010  —*9074 

.5*79  .4400  *4900  .7490  .7713  .7927  .0154  .0244  .0127  *0334 

•9493  .9404  .9444  .9432  .9410  .9573  .9534  .9496  .9420  .0494 

—423-0 — .4970 .7724  .0230 .9409 .ftftfti — *0004  — 0940— .0047— •097ft 

.9440  .9420  .9679  .9536  .9477  .9440  .9409  .9353  i92T7  .0449 

.4985  .7407  .0227  .003*  .9225  .9445  .9427  .9724  .9771  *9704 

—*9003 .ftftftft— *9440—  «43ft 9377 .0330 —*93.70— .<233—* ftftftft — .«ft«3 — 

TAOLE201 0. 


T8BLC2C10. 

.4477  .5319  .4523  .7341  .7909  .0944 

■■■■8.0004-. -.0035  • 774 1 .7148 — .7  1 7 3-.  -.4091" 

TABLE2D10. 

1.3795  1.3982  1.4354  1.4775  1.5510  1.434) 

—4  003 — *94-70 *04ft3— .5713-- *0895- —.4044- 

T30LC2L10. 


TABLES  10.; 

2.  2. 


•0154  .0244 

• 0127 

•0334 

.9534  .9496 

• 9420 

•0494 

-*0004— *0940—  *0947 — *097-9 

.9409  .9353 

.9*77 

•0449 

•9427  .9724 

.9771 

•9704 

-**37 0—2233— 2ft  ft» — .«•«  2 — 

1.1817  1.4744 

1.7112 

1.9913 

•*9437 — .2083- 

—9510- 

-.9340 

1.0100  1.2124 

1.5034 

1.9022 

—4D61-— *72  98— «121—  9410 

1.7074  1.7904 

1.8735 

1.9974 

-.42X9-  *4333 — .4497-. 

*4489 

1.2955  1.5247 

1.4995 

1.9005 

•*  7044— *-0 434 .»ft73 — .9420 

10.  10. 

10. 

10. 

-1-.4 3*4 

-4*8 

-2.0 

0.0 

.35 

—♦59- 
.351 
• lift 
—344- 
.179 
.347 


0.0 
.302 
- — *044-- 
.383 
.1 


.145  .119 

.394  .442 

-*483 *440- 

•39  .443 

.270  .241 


.44$ 

-*-020- — 

• 45 
.044 


• 094 
*400 

-*42-—- 

• 51 
.195 


.479 

*017- 

.49 

• 05 

*5 

.077 

.531 

• 893- 
•644 
.154 

-42  ft- 


*014- ...  .004  — 
.520  .004 

.034  .013 

—111 *294 


.069  .030  .009 

•579  .421  .703 

.*047 -.047 — *013 

•417  .714  .754 

•12  .051  .022 

-*47-4 -*748 *000 


.040 

•504 

1.0 

*001 

— *00- 

*80- 

• 439 

• 471 

1.0 

• 005 

• 00 

.00 

*423 

.744 4*0 

.009 

.00 

• 00 

• 703 

*744 

1.0 

*013 

•■*08- 

.00 

• Sift 

• 431 

.357 

.207 

.22 

•094  .040 

0.0 

0.0 

• 504 

• 943 

.414 

.473 

• 723 

.704  .074 

.91 

*.o 

*424— 

-.8*0- 

-*404- 

-•-•344-  — 

-.274— 

— 190. -.*052— • 

*001  — 

• 0.0 

• 554 

• 444 

• 702 

.703 

.065 

.905  .951 

.99 

1.0 

.472 

.571 

.479 

.392 

• 223 

•141  .944 

0.0 

0.0 

Figure  6. 

Inlet  File  Exmple 

1 
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A*. 

— 

— 



— 



0.0 

• b 

.7 

.8 

1.0 

1.2 

1.6 

2.0 

0.0 

0.0 

.04 

.068 

.09 

.074 

.034 

.002 

l-klLL-T-Xfi-Q 

0.0 

.40 

1.0  * 

1.2 

1.4 

1.6 

1.8 

2.0 

.743 

.743 

.743 

.752 

.785 

.639 

.907 

.99 

— st  a iii  r a 

in. 

a. 

.85 

2. 

• 0003 

.0037 

.0097 

* oi^i 

.03  99 

.0296 

.0403 

.0642 

.0876 

.1073 

-»6686 — .0099- 

-r^KyV- 

-.621 9— 

— 0249- 

-.,62-W- 

-.0281  - 

. 0265  - 

•0236' 

— 0186— - 

.0000 

. 0099 

.0184 

.0219 

• 0249 

• 0273 

• 0261 

.0265 

• 0236 

.0198 

.0000 

.0099 

• 0184 

.0219 

.0*49 

. 0273 

.0281 

.0265 

• 0256 

.0198 

— ta  nf-rffL 

.85 

1.2 

1.7 

2.0 

0.0 

• 04 

• 08 

• 12 

• 16 

.20 

.24 

— 

■ -.-05 

b **«<  4 4 — ■— » - 

—47 

— 66 .87 

. 

. .. 

- ... 

0.0 

.04 

.127 

..'57 

.405 

.57 

.75 

0.  0 

.024 

.093 

• 202 

.331 

.478 

.635 

a ^ 

£2 

jul  

-.175  — 

-.256 — 

TABI E6A6. 

2. 

2. 

10. 

10. 

10. 

10. 

« A 

TO 

b 0 

-*L*5 

..ub 

-SL#J) 

0.0 

1.0 

0 • D 

0.0 

. 1 .a  — 

0.0 

0.0 

.4991 

.5344 

.5570 

• 5806 

• 6047 

- .6311 

.6562 

• 6776 

.6952 

.7153 

—.0  216  0184  .01-6-0 — *Mi6- 

— one  - 

—0086- 

.0059- 

-.0040  - 

• 0022 

-0003  — 

.5005 

.54  85 

. 5877 

.6269 

.6673 

.7039 

.7277 

.7473 

.7616 

1.0006 

.0320 

. 0305 

.0288 

.0271 

.0252 

. 0227 

.0198 

.0134 

.0052 

• 00.51 

— -t»  51-7 .*7  £.3 — .655  1- 

— 7373- 

.7852- 

— 6002 

-.812  6 

-.6320-. 

.8470  ■• 

1.0009. 

.0435 

.0431 

.035  7 

.0310 

.0327 

.0301 

.028  0 

« 0201 

.0073 

.0072 

.4900 

.64  76 

• 7606 

• 8716 

.9145 

.93  71 

.9545 

.9711 

.9885 

1.0012 

-.0441— 
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.98  82 
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1*2431 

1.3575 

1.4675 

1.6072 
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1.8571 

1.9976 
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8. 

2. 

2. 

10. 

10. 

10. 

10. 

SCr 
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1 ■ 1 

-1.2 

—1.4 

2 * 0 

.3981 

1.0 

.00 

0.0 

-4,0- 

.00 

0.0 

.3901 

.4270 

.4546 

.4660 

.5249 

.5689 

.6115 

« 65C5 

.6793 

.7032 

—3-025- 

—.27  43-- 

— 2460- 

-.2132 

— 1766- 

— 1355 

•0916  - 

.0533 

.0250 

.8006 

.3983 

.4321 

.4600 

• 5025 

.5414 

.5778 
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• 6594 

.6695 
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.am 

-2C1H 

*2464 

.2125 

.1739 

.1379 

.0968 

• 05fi  3 

.0287 

—4984-. 

—4464 — .4753 — J5188  - 
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—.6372 

-6761 
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.2601 
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.0835 

*0424 
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_3034- 

— 2603- 
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.1729 
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.3973 

.4639 

.5204 

.5731 
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• 68  36 

.7338 

.7853 

.8241 

• 8693 

.4678 

.43  35 

.3463 

.2943 

.2391 

.1864 

.1350 

.0849 

*0436 

• C001 

— *1968  - 
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—.5499  -■ 
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— 7219  - 

— 7-772 
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• 0482 
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Figure  6.  Inlet  File  Example,  (concluded) 
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4. 2. 1.1. 2 Inlet  Derivative  Parameters 

The  Inlet  derivative  parameters  provide  the  basic  Information  describing 
the  configuration  In  terms  of  Its  Important  parameters.  These  data  are 
used  by  the  derivative  program  as  a starting  point  from  which  a new 
configuration  performance  Is  derived. 


Card  1 

Parameter  Definition 

Format 

Cols. 

1-7 

Aspect  Ratio  (2D) 

F7.0 

8-14 

Sldeplate  Cutback  (2D) 

F7.0 

15-21 

First  Ramp  (cone)  angle  (deg) 

F7.0 

22-28 

Mach  Number 

F7.0 

29-35 

Cowl  Lip  Bluntness 

F7.0 

36-42 

Takeoff  Door  Area 

F7.0 

43-49 

External  Cowl  Angle  (deg) 

F70 

50-56 

Exit  Nozzle  Type  for  Bleed 

F7.0 

57-63 

Exit  Nozzle  Angle  for  Bleed  (deg) 

F7.0 

64-70 

Exit  Flap  Aspect  Ratio  for  Bleed 

F7.0 

Card  2 
Cols. 

1-7 

Exit  Flap  Area  for  Bleed 

F7.0 

8-14 

Exit  Nozzle  Type  for  ISypass 

F7.0 

15-21 

Exit  Nozzle  Angle  for  Bypass  (deg) 

F7.0 

22-28 

Exit  Flap  Aspect  Ratio  for  Bypass 

F7.0 

29-35 

Exit  Flap  Area  for  Bypass 

F7.0 

36-42 

Subsonic  Diffu'.er  Area  Ratio 

F7.0 

43-49 

Subsonic  Diffuser  Total  Wall  Angle  (deg) 

F7.0 

50-56 

Subsonic  Diffuser  Loss  Coefficient 

F7.0 

57-63 

Throat  to  Capture  Area  Ratlo(PITOT) 

F7.0 
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4 . 2 . i . 1 , 3 Non-changeable  Inlet  Parameters 

The  non-changeable  parameters  provide  Information  about  the  basic  design 
ground  rules  of  the  mapped  configuration. 


Card  1 
Cols. 
1-7 


8-14 

15-21 

22-28 


Parameter  Definition 

Geometry  Type 

0.  ■ axl symmetric  Inlet 

1.  ■ 2-D  Inlet 

2.  - PITOT  Inlet 

Nominal  Normal  Shock  Mach  Number 
Starting  Mach  Number 
Nominal  Throat  Mach  Number 


Format 


F7.0 


F7.0 

F7.0 

F7.0 


4.2.1. 1.4  Inlet  Tables 

The  Inlet  map  file  consists  of  14  tables.  The  tables  are  input  In  se- 
quential order  and  are  listed  below.  More  detail  about  the  use  of  these 
tables  can  be  found  In  the  PIPSI  Users  Manual,  Volume  II. 


Table  1 

A Type  1 cable  of  Local  Mach  Number  versus  Freestream  Mach  Number 
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Table  2A 

A Type  3 table  of  Recovery  versus  Mass  Flow  and  Local  Mach  Number 

T*  « 3A  >li«ir>  «•  M*m  Phm 


v\ 


Table  2B 

A Type  1 table  of  Matched  Inlet  Recovery  versus  Local  Mach  Number 


Table  2C 

A Type  1 table  of  Matched  Mass  Flow  versus  Local  Mach  Number 


T*Mt  JC  MaWhMi  Mm 


L 


Table  2D 

A Type  1 table  of  Buzz  Limit  versus  Local  Mach  Number 


TaW«  JO  ton-Um* 


Table  2E 

A Type  1 table  of  Distortion  Limit  versus  Local  Mach  Number 


TMII  DMMImLMi 


V*. 

IDMvUm 

Umfij 


2 

1 

7 

Table  3 

A Type  3 table  of  Spillage  Drag  versus  Inlet  Supply  ratio  and  Local  Mach 
number 


Table  3A 

A Type  1 table  of  Reference  Spillage  Drag  versus  Local  Mach  Number 

T*M*»A  Minim 0 m 
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Table  3R 

A Type  1 table  of  Reference  Mass  Flow  versus  Local  Mach  Number 


TtUaSI  mttnwMwnM 

\/A. 


Table  4 

A Type  2 table  of  Boundary  Layer  Bleed  Drag  versus  31eed  Supply  ratio  and 
Local  Mach  Number 

YaMa  4 Lay*  Dm 


Sate 


Table  5 

A Type  2 table  of  Bypass  Drag  versus  Bypass  Supply  ratio  and  Local  Mach 
Number 


YaM«  I typa«  Dm 


ZI 

^ - 

y 

, 

<£& 

. A Ito 


Table  6A 

A Type  3 table  of  Bleed  Supply  ratio  versus  Ao/Ac  and  Local  Mach  Number 


V\ 
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x*. 


I 

I 


i 


! 


< 

! 

i 

} 


1 


i 

I 


! 


1 


■J 


Table  6B 

A Type  1 table  of  Matched  Boundary  Layer  Bleed  ratio  versus  Local  Mach 
Number 

TtMHW  M*w»wd  UmOm  Ur*  m*4 


Table  7 

A Type  3 table  of  Bypass  ratio  versus  Engine  Supply  ratio  and  Local  Mach 
Number 


Table  B 

This  Is  an  optional  type  1 table  of  reference  recovery  factor  versus  free 
stream  Mach  number. 

Tafcte  • RafaNMM  PMMUM  rnotMwv 


M. 


The  derivative  procedure  program  does  not  perform  any  operations  on  this 
table.  It  Just  transfers  It  along  to  the  TAPE1  output  file  for  PIPSI 

usage. 


1 
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4. 2. 1.2  Afterbody  file  (TAPE  52)  . . ■ , 

This  disk  file  consists  of  five  separate  sections 

(1)  Afterbody  Title  Card 

(2)  Afterbody  Derivative  Parameters 

(3)  Afterbody  Location  versus  Area  Curves 

(4)  Non-changeable  Afterbody  Parameters 

(5)  Afterbody  Drag  Table 

Figure  7 Is  an  example  of  a typical  afterbody  file. 

4. 2. 1.2.1  Afterbody  Title  Card 

An  80-character  title  card  must  be  the  first  card  of  the  afterbody  file. 
It  Is  read  with  an  A format  and  Is  printed  as  a heading  on  the  output 
data. 


4. 2. 1.2. 2 Afterbody  Derivative  Parameters 

The  afterbody  derivative  parameters  provide  the  basic  Information  de- 
scribing the  configuration  In  terms  of  Its  Important  parameters.  These 
data  are  used  by  the  derivative  program  as  a starting  point  from  which  a 
new  configuration  performance  Is  derived. 


Card  1 
Cols. 

Parameter  Definition 

Format 

1-7 

Nozzle  Static  Pressure  Ratio 

F7.0 

8-14 

Tall  Fin  Configurations  (0,,  1.  or  2) 

F7.0 

15-21 

Tall  Fin  Angle  (deg) 

F7.0 

22-28 

Tall  Fin  Fore-and-Aft  Location  Ratio 

F7.0 

29-35 

Base  Area  Ratio 

F7.0 

4. 2. 1.2. 3 

Afterbody  Location  Versus  Area  Curves 

The  area  curves  are  used  to  calculate  the  IMSy  parameter  which  is  the 
basic  afterbody  drag  correlation  parameter.  For  each  A10/A9  curve  f the 
Cq  table,  there  corresponds  a nozzle  aftbody  area  versus  location 
distribution. 
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CD2R  INPUT  HAP 


1.0 

2.0 

0. 

.1736 

0. 

7. 

7. 

mm 

EM 

PH 

637. 

700  . 

676. 

■ " 44  -t5  - 

41.5  - 

im 

20.5 

- 

63  7. 

700  . 

760. 

BOO. 

B2C. 

830. 

876. 

4*  .5 

41.5 

36. 

31. 

25. 

20.5 

17.64 

63-7-.  - 

- - 700.-- 

■•76^. 

800 . — 

—626. 

630.  - 

676. 

44  .5 

41.5 

36. 

31. 

25. 

20.5 

13.35 

637. 

7CC  . 

760. 

GOO. 

62  0. 

630  . 

876. 

44 .5- 

■■4  1 . 5"  — 1 

36.-  - 

31.  — 

- 25. 

20.5 

6.92 

63  7. 

7 00  . 

760. 

BOO. 

82  C. 

830. 

676. 

44  .5 

41.5 

36. 

51. 

25. 

20.5 

6 • 

. .-<i. 

2, 

-A.-  — 

— . . 

TABLEABfi. 

5. 

2.  16 

2.50 

3.33 

5. 

7.44 

....  ,i,  _ 

•,9  •• 

1.  15 

- ■ 

1.4 

1 .6 

2.0 

2.3 

.037 

.037 

.096 

. 064 

.065 

.055 

.045 

. P42 

.048 

. P 4 8 

.107 

. 095 

.0  72 

.063 

. C 53 

. C 4 8 

-.0  64 

— -*-Cl  c *•  — 

-.136 

- . 122- 

. 094 

-.  C 8 1 

.066 

. 06 

.0  75 

• 075 

.If 

.156 

.12 

.103 

.085 

. T77 

. 0B3 

• OB  o 

.226 

.20 

.14  6 

.12  2 

.100 

. 090 

..  - 

. _ - . . 



- 

« 

Figure  7.  Afterbody  File  Example 


Card  1 
Cols. 
1-7 


Card  2 
Cols. 
1-7 
8-14 


Number  of  Curves 


Number  of  Points/Curve 

No;  Points  for  Curve  1 
No.  Points  for  Curve  2 


Format 


F7.0 


Format 

P7.0 

F7.0 


64-70 

Card  3 
Cols. 
1-7 
8-14 


No.  Points  for  Curve  10 


Curve  1 Location  Values  (In) 


F7.0 

Format 

F7.0 

F7.0 


64-70 

Card  4 
Cols. 
1-7 
8-14 


'10 


Curve  2 Area  Values  (Sq.  Ft.) 


*1 

*2 


F 7.0 


F7.0 

F7.0 


64-70 


'10 


Etc.  for  the  rest  of  the  Area  Ratios  In  Cn  Table 

UAB 


F7.0 


4.2. 1.2.4  Non-changeable  Afterbody  Parameters 

The  non-changeable  afterbody  parameters  provide  additional  basic  Informa- 
tion describing  the  configuration  and  Its  Important  parameters. 
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Card  1 
Cols. 

Other  Parameters 

Format 

1-7 

Geometry  Type 

0.  axl symmetric 

1.  2-D 

F7.0 

8-14 

Afterbody  Type 

1.  ■ CD  Axl  symmetric  Single  Nozzle 

2.  - CD  Axlsynmetrlc  Dual  Nozzle 

3.  ■ CD  2-0  Single  Nozzle 

4.  * CD  2-D  Dual  Nozzle 

5.  ■ Plug  Ax 1 symmetric  Single  Nozzle 

6.  * Plug  Axlsynmetrlc  Dual  Nozzle 

7.  - Wedge  2-D  Single  Nozzle 

8.  » Wedge  2-D  Dual  Nozzle 

F7.0 

4.2. 1.2.5  Afterbody  Drag  Table 

The  afterbody  drag  table  is  a Type  2 table  of  Afterbody  Drag  versus 
A10/A9  and  local  Mach  Number 


Dtti  fovwwt  tot  nootoMftbotfy  dni 


i 

i 

The  same  table  format  Is  used  for  both  round  and  two-dimensional  notifies; 
however,  the  afterbody  drag  coefficient  In  the  input  table  for  the  two- 
dimensional  nozzle  Is  defined  differently  from  that  for  the  round  nozzle  ! 

Input.  These  coefficients  are  defined  as  follows: 
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For  Round  Nozzle: 


! 

i 


t 

t 


E 


t 


°D  AB 


u AB 
«oA10 


For  Two-Dimensional  Nozzle: 


'O  AB 


AB 


<A10-V 


The  definitions  for  the  two  nozzle/aftbody  drag  coefficients  are  differ- 
ent because  the  experimental  data  for  the  two-dimensional  nozzle  as 
obtained  were  nearly  all  based  on  the  projected  aftbody  area, 

(AiQ-Ag),  rather  than  the  cross-sectional  reference  area,  A^q,  as 
was  the  case  for  the  round  nozzle.  Therefore,  for  two-dimensional 
nozzles,  the  Input  drag  coefficient  was  defined  as  shown  above  to  make 
the  most  direct  use  of  the  available  experimental  data. 

The  derivative  procedure  program  processes  the  calculations  of  new  Inlet, 
afterbody  drag,  and  nozzle  internal  performance  using  separate  files  of 
input  data  and  separate  procedures  In  the  computer  code.  It  Is  possible, 
therefore,  to  run  any  combination  of  Inlet,  nozzle/aftbody,  and  nozzle 
configurations  during  execution  of  the  program.  The  results  of  the 
program  calculations  are  stored  on  output  TAPE1.  The  user  must  then 
split  off  the  results  Into  files  that  are  used  as  input  to  PIPSI. 

4. 2. 1.3  Nozzle  Thrust  Coefficient  File  (TAPE  53) 

This  disk  file  consists  of  four  separate  sections 


i 


\ 

i 

! 


i 


l 


(1)  Nozzle  Title  Card 

(2)  Derivative  Parameters 

(3)  Non-changeable  Nozzle  Parameters 

(4)  Nozzle  Thrust  Coefficient  Table 


Figure  8 Is  an  example  of  a typical  nozzle  thrust  coefficient  file. 


0 


11. <45 


CV1  INPUT  KAP 
0.  0. 

■6-. 1 0-<r 

TABLECV10.  7. 


u 

a c. 

1.1 

1.2 

-r,  —X  m 

1.3 

1.4 
£ 

1.5 

b,Xi 

1.6 

-8.-D 

1 45^  „ ... 

...J  4. 

.992 

.992 

I*  • A# 

• 986 



.976 

.966 

.955 

.936 

.924 

• 903 

.932 

.965 

.964 

.966 

.962 

.975 

.960 

.947 

.925 

.9*7— 

— .96<^~ 

— .988- 

— .963 — 

.970- 

.958  — 

-.938 

.962 

• 905 

. 965 

.962 

• 986 

. 962 

.972 

.964 

.947 

.840 

.86 

.942 

.970 

.963 

. 966 

.976 

.966 

.954 

.-6  22— 

.9-32 — 

— .962— 

— .577— 

-.976- 

.970- 

...955.- 

■ B 

• b67 

.922 

. 952 

.97 

.979 

• 978 

.972 

.961 

Figure  8.  NorzTe  TRrust  Coefficient  File  Example 
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• BE  6 
.906 
.92 

* 53  2 
.942 
.94b 
.952 


4.2. 1.3.1  Nozzle  Title  Card 


An  80  character  title  card  must  be  the  first  card  of  the  nozzle  file.  It 
Is  read  with  an  A format  and  Is  printed  as  a heading  on  the  output  data. 


4. 2. 1.3. 2 Derivative  Parameters 


The  nozzle/ aftbody  derivative  parameters  provide  the  basic  Information 
describing  the  configuration  In  terms  of  Its  Important  parameters.  These 
data  are  used' by  the  derivative  program  as  a starting  point  from  which  a 
new  configuration  performance  Is  derived. 


Card  1 

Parameter  Definition 

Format  ! 

Cols. 

5 

! 

1-7 

Plug  Half  Angle  (deg) 

F7.0  j 

8-14 

Wedge  Half  Angle  (deg) 

F7.0  ! 

1 

15-21 

Aspect  Ratio 

F7.0  : 

22-28 

Divergence  Half  Angle  (deg) 

F7.0  | 

4. 2. 1.3. 3 

Non-chanqeable  Nozzle  Parameters 

The  non-changeable  parameters  provide  Information  describing  the 

conflg- 

uratlon  In 

terms  of- Important  basic  parameters  that  were  used  to  derive 

the  performance  maps.  They  describe  the  configuration  but  are  not  used 

in  the  Interactive  sessions. 

Card  1 

Parameter  Definition 

Format  ' 

Cols. 

1-7 

Nozzle  Type 

F7.0 

1 ■ Round  Convergent-Divergent 

2 - 2-D  Wedge 

3 * Round  Plug 

4 ■ 2-D  Convergent-Divergent 

i 

i 

J 

1 

| 

4.2. 1.3. 4 

Nozzle  Thrust  Coefficient  Table 

j 

The  format 

of  the  table  varies  depending  on  whether  the  user  has 

selected 

a round  or 

2-dlmenslonal  nozzle. 

j 

i 


56 


% 


!• 

Ik' 


i 


i 

i 


For  a 2 dimensional  nozzle  the  table  is  a Type  2 table  of  nozzle  thrust 

coefficient  versus  PT  /P_  and  PS. 

'8  0 


For  a round  nozzle  the  table  is  a Type  2 table  of  nozzle  thrust  coeffi- 
cient versus  Ag/Ag  and  Pj.  /PQ. 


4.2.2  Output  Disk  Files 

The  user  selects  the  output  options  through  responses  to  prompts  while 
executing  the  derivative  procedure  program  Interactively.  There  are 
three  disk  files  used  for  output: 

TAPE  6 for  printed  output 
TAPE  1 for  new  PIPSI  file 


\* 


I , 
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4. 2. 2.1  TAPE  6 Output 

The  output  on  TAPE  6 Is  always  obtained  when  the  derivative  procedure  Is 
executed.  It  contains  a listing  of  the  old  maps  and  derivative  param- 
eters and  a listing  of  the  resulting  new  maps  and  derivative  parameters. 
If  a hard  copy  of  the  results  Is  needed,  the  file  can  be  disposed  for 
off-line  printing.  An  example  of  this  output  Is  given  In  Figure  9. 

4. 2. 2. 2 TAPE  1 Output 

The  TAPE1  (new  PIPSI  file)  Is  formatted  exactly  like  the  Input  disk  file 
(either  TAPE  SI,  TAPE  52,  nr  TAPE  53,  whichever  was  used  as  Input;  see 
Figures  6,  7,  and  8).  This  file  Is  generated  only  if  the  user  wishes  to 
run  the  PIPSI  program  and  perform  an  execution.  If  the  user  uses  this 
file  to  run  DERIVP,  a message  will  appear  at  the  terminal,  indicating  to 
the  user  that  the  Input  was  from  a previous  derivative  procedure  execu- 
tion an  ! the  program  will  abort. 


4.3 


Interactive  Input 


In  order  to  execute  the  derivative  procedure  program,  the  user  must 
provide  interactive  Inputs  via  a terminal.  Figure  10  shows  an  example  of 
typical  terminal  session. 

The  terminal  prompts  and  a typical  set  of  user  responses  are  enumerated 
as  fellows: 

4.3.1  Hap  Type  Code 
The  user  may  Input  either 

1)  for  inlet  map  file  (TAPE  51) 

2)  for  afterbody  drag  file  (TAPE  52) 

3)  for  nozzle  thrust  coefficient  file  (TAPE  53) 


The  option  selected  means  that  the  user  must  have  previously  attached 
that  particular  file. 
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UJCAS.  MACH  NUMBER 


TAIJ.E1  NUMBER  OP  POINTS  » 1. 

0.000  ,200  2.000 

— 07000 — rroo — 27000 


’BECOTEUT"  45 


- rmiir- 

nvnirr 

"op  t porwrs  * 
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NUMBER  OP 

X POINT!  - 

7. 

6. 

7. 

7. 

0. 

9. 

• S90 

.700 

.050 

1.200 

1.600 

2.000 

• 4 00 

■rvi'i‘1 

4TVKH1 

miAJi 

mism 

.442 

.941 

.909 

.969 

.990 

.933 

.175 

• 600 

.700 

.000 

.900 

,990 

.970 

74*0 — 

.974  " 

.*45 — 

~79'00"" 

.900 

.600 

.700 

.000 

,6  90 

.075 

.90S 

.440 

.990 

.909 

.403 

.975 

.462 

.900 

7900 

.900 

— rrorr 

• 5 fi) 

■■TV!'/ 4H 

.460 

.979 

.977 

.973 

.^67 

.495 

.900 

.900 

.600 

.700 

.000 

.090 

,075 

.005 

.090 

• ^ to 

"T9T0  ' 

T4HT 

.998 

• +53 

' .940 

— 7900 — 

.900 

.600 

.700 

.000 

.400 

.930 

.435 

• 9A3 

,950 

.49* 

.493 

,9A9 

• 4AA 

• 435 

.925 

.920 

.900 

.050 

MATCHED  HASS  PLOW 


TAILE2C  MU40ER  OF  POINTS  • 7. 

.AOO  ,600  .600  1.000  1.200  1.600  2,000 


iablccu  nuiBCK  ur  rji.ni 

0.000  1.304  I. AOO  1.600  1.000  2.000 

0.000  0.000  .AOO  .900  .960  .600 


Figure  9.  Example  of  TAPE6  Ouiout 
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I 


TA8LE2E  NUMBER  OF  POINTS  - 6. 

.990  .700  .800  1 .200  1.600  2..000 


.100  .400 

.900  .100 


.600  .700  .,(00  .900  .998  1. 000 

.190  .086  .028  .014  0.000  0.000 


REFERENCE  SPILLAGE  DRA6 


TABLE  BA  NUMBER  OP  POINTS  * 


0.000  0.000  0.000 


REFERENCE  NASS  FLOW 


0.000  .011  .012 

0.000  .011  .026 


Figure  9.  Example  of  TAPE6  Output  (continued) 
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TAILE9  NUMBER  OF  K-FOtNTS* 
0.309  ,B*9  .090  1.000 


0.000  0.000  0.000  0.000 

0.000  0.000  0.000  0.000 


0.000  .090  .100 

0.000  .036  .079 


TABLESA  NUMBER  OF  r »0INrS  ■ 


0.000 

0.00Q 

— r.vm/~ 
o.ooo 
0.900 


.900  1.000  1.200 

1.000 


.020  .026 
.TOO  .800 


.TOO  .BOO 
.096  .090 


TABLS6B  NUMBER  3F  ROWS  • 

— tnn»o — . . 

0.009  0.000  .010  .020 


Figure  9 


BYRASS  DBAS 


7. 

1.200 

NUMBER 

1.600 

or  Y-R01N73-  B. 

1.700  2.200 

. iOU 
0.000 
0.000 

.700 

o.boo 

0.000 

. 2*0 
0.000 
0.000 

1780  " 
.217 
.162 

.780" 
• .290 
.220 

.379 

.290 

. 116 
.110 

"".183 

.160 

.193 

.2*1 

.216 

.210 

BOUNDARr  LAYER  BLEED  DRAG 

B 

• 

2* 

1*400 

9* 

1.600 

* i;  ST~ 

1 .BOO  2.000 

6 • 

6 0 

1.000 

0.000 

1.000 

"07000 

1.000 

0.000 

• Y1U 
.01* 
.930 

17000 

0.000 

1.000 

i"orr~ 

.930 

.030 

u.  uwu 
1.000 
0.000 

i 


MATCHED  BOUNDARY  LATER  BLEED 


9. 

TVTTCKT 

.030 


I 


Example  of  TAPES  Output  (continued) 
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BYPASS  HASS  FLOW 


TABLE7 
NUMBER  OF 

NUMBER  OF  V 
X POINTS  ■ 

JOINTS  ■ 
2. 

6. 

2.  4. 

4.  4. 

4. 

— o'.'otro — 
0.000 
0.000 

1.39V 

1.000 

0.000 

1.400 

1.600 

i*oU0  i*oug 

— o.uoo 
0.000 
.400 

TTTOC 
0.000 
..8  54 

.859 

1.000 

wen 

• UU3 

"0.TJ0U' 

— O'." 000  ' 

-r  / xv rr; — r — ax* - - ' 1 -1  r 1 1,1  1 ■ ■ 1 ■"*— 

.<.83  .010  0.000  0.000 

.400  .892  .906  1,000 


.400  .915  ^9310  lUOOO 

.532  .015  0.000  0.000 


INLET  NAP  DERIVATIVE  PARANETERS 

NUMBER i*AR  AM  e YER  DIF INIT ION 

OLD  VALUE 

1 

ASPECT  RATIO 

I. 0000 

_ 

3 

4 

yxoFNrrTiE- nrnnfCK 

FIRST  RAM,*  ANGLE  <0£6) 
DESIGN  HACH  NUMBER 

.7000- 

7.3000 

2.0000 

6 

7 

COWL  "IIP  " (ICON TNFS5 

TAKE  OPE  DOOR  AREA 
EXTERNAL  COWL  ANGLE ( 0E6 I 

rozoo 

.2000 

17.3000 

9 

10 

ft i t huiicr  rtPE  nnmrero 

EXIT  NOZZLE  ANGLE  FOR  BLEED! DEGI 
EXIT  FLAP  ASPECT  RATIO  FOR  BLEED 

r.  owno 

19.0000 

2.0000 

TT^ 

12 

13 

EXIT  FLAP'  AREA"  FturilTETJ 

EXIT  NOZZLE  TYPE  FOR, BYPASS 
EXIT  NOZZLE  ANGLE  FOR  BYPASS(OEG) 

, loOQ 
1.0000 
19.0000 

...  j,  % 

15 

16 

EXIT  FLAP  AREA  FOR  BYPASS 
SUBSONIC  DIFFUSER  AREA  RATIO 

710000 

.2000 

1.9000 

— - TT~ 

11 

SHBSOWTC“'DI>FUSE,R'  1 OTA  r'WAXlT'A  NUTF  HUTST- 
SUBSONIC  DIFFUSER  LOSS  COEFFICIENT 

~ rovooucr 
.1000 

Figure  9,  Example  of  TAPE6  Output  (continued) 
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ATS2  INLET  HAP 


LOCAL  NACH  NUMBER 


TABLE  1 
0.000 


NUMBER  OF  FOtNTS  ■ 
.200  2.100 


.971  .667  .762 

.690  .989  .983 


.978  .976  .972 

.189  .087  .786 


1 .499 

.999 

.700 

.800 

.900 

• 930 

.933 

.« 

i .990 

.943 

.941 

.936 

.927 

.917 

.912 

.1 

MATCHED  INLET  RECOVERY 


TABLE2B  NUMBER  OF  POINTS  • 


.900  .910  .061  . 9 T2 


.971  .971  .966  .999  .917 


HATCHED  NASS  FLOW 


T4BLE2C  NUMBER  OF  POINTS  ■ 7. 

.400  .600  .800  1.000  1.220  1.660  2.100 


0.000  1.639  1.640  1.660  1.880  2.100 

0.000  0.000  .869  .869  .874  .874 


Figure  9.  Example  of  TAPE6  Output  (continued) 
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DISTORTION  UNIT 


TA&LE2E 

.350 

NUMBER 

.700 

OF  POINTS  • 
.800  1.220 

6. 

1.660 

2.100 

.337 

' 757T' 

.6  76 

• * 01 

. 690 

7T99" 

SFlLTEAStBRAC 

TABLE 3 

NUMBER 

OF  T POINTS  ■ 

91 

NUMBER  OF 

X POINTS  - 

2. 

2. 

7. 

9. 

9. 

9.  7.  7.  7. 

0.000 

.569 

.350 

.700 

.830 

1.220 

1.660 

1.660 

2.100 

u .000 

1.000 

0.000 

0.000 

0.000 

1.000 

oroxn — 

trrorutr" 

.286 

1 .381 

,676 

.372 

.667 

.681 

1.000 

.181 

.107 

.050 

.016 

.002 

0.000 

0.000 

• ? S 6 

. 381 

TVTS" 

.3  72 

• 667 

.'752" 

.857  ,908  n.000 

,306 

.202 

.119 

.059 

.030 

.012 

.003 

0.000 

0,000 

.286 

.181 

.676 

,.3  72 

.667 

.762 

.837 

.917 

1,000 

. 602 

.2  TJ 

; ito 

rc  96" 

.097 

.on 

• 043 

0 • DOIT 

~0  .UUff 

.259 

.3  86 

.682 

.378 

.6  75 

.771 

• 860 

.926 

1.000 

.227 

.166 

.086 

.063 

.019 

.006 

.001 

0.000 

0.000 

*ZTZ  ' 

• h 67 

.681 

1779 

• "8  64 

• OS  9 1 ■ UUU 

.756 

.667 

.220 

.118 

.023 

0.000 

0.000 

.692 

.5  90 

.688 

.786 

.900 

.912 

1 r 000 

• 73  3 

•7  6 8 

73  86' 

♦^6  i 

7077 

$■'000 

■mui 

.500 

.701 

.801 

.901 

.938 

.963 

1.000 

.862 

.699 

.312 

.123 

.010 

0.000 

0.000 

1 


REFERENCE  SPILLAGE  DRAG 


TABLE  3A 

NUMBER 

OF  POINTS  • 

3. 

r.aacr 

.T.iUU 

0.000 

0.000 

0.000 

■ 

i,  REFERENCE  NASS  FLOW 

TA8LE1B 

NUMBER 

OF  POINTS  • 

3. 

[■  0.000 

1.000 

2.100 

ii  ~i  rooo 

j 

—11300" 

1 .000 

r: 

lOUNORRT  LATER"  BLEED 

DRAG 

} TA8LK4 

-NUMBER' 

OP 

OINT  S» 

i • 

'number  op  r*Frrnrrsr 

n 

0.000 

.869 

.830 

1.220 

1.770 

2.100 

0.000 

.010 

.020 

.061 

.061 

, D iXJQO 

■"0.00  0_ 

U 1000 

0 .000 

-QVOOO 

0.000 

0,000 

0.000 

0.000 

0.000 

o.ooo 

.007 

.016 

.028 

.062 

1 0 • 000 

1010 

— 107  r~ 

. 0'62  “ 

7067 

B.  0.000 

.011 

.022 

.066 

.0  66 

1 ■ J*-000 

.012 

.023 

.030 

.073 

Figure  9.  Example  of  TAPE6  Output  (continued) 
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Tmes 

0.000 


HUH  If*  OF  X-PQIHTS-  7.  NUMBER  Of  Y-POINTS« 

.899  .890  1.000  1.220  1.990  1.770  2.820 


0.000 

o.ouo 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000  ' 

0.000 

.090 

.100 

.19* 

.217 

.290 

.179  ] 

0.000 

.016 

.079 

.117 

.182 

.220 

.280  ] 

0.000 

.029 

.092 

.0*2 

. 117 

.160 

.22*  ; 

0.000 

.021 

.096 

.076 

.111 

.197 

.219  1 

BOUNDARY  LAVE*  BLEED  0*96 


TABLE69  NUMBER  08  7 POINTS  • 


0.000  .800  1.000  1.220  1.990  1.680  1.880  2.100 

-.000  .991 


-.000  .991 

0.000  0.000 


.008 

.007 

.009 

.001 

0.000  ] 

.978 

.679 

.809 

.867 

.9*9  1 

.9*1 

.681 

.016 

.876  .9T3  I 

.022 

.020 

.019 

.012  0.000  | 



-VBBT— 

— .-788 rro T9T8 vm X 

.011 

.010 

.027 

.020  .019  0.000  J 

.999 

.691 

.791 

.896  .922  .992  1 

am- 

Ton 

toib-  ■ 

—.tm ■.'•on — 07000 ' i 

.999 

.700 

.800 

.900  .910  1.001 

.061 

.097 

.091 

.038  .011  0.000  j 

HIUlil  W ONCER  OF  POINT3  - 


0.000  0.000  .010  .020  .011 


MATCHED  BOUNDARY  LAVER  ILECO 


•YFASS  MASS  PLOW 


7A8LE7  NUMBER  OP  V POINTS  < 
NUMBER  OP  X POINTS  - 2. 


— 07000 — rmo — iron — itiw — rrrro — moo j 

0.000 

1.000 

0.000 

0.000 

— - OVOOOr* 
0.000 

■T.croo 

c.ooo 

.189 

.811  .816  1.000 

.979  .010  0.000  0.000 

.198  .886  .900  1.000 


Figure  9.  ExMple  of  TAPES  Output  (continued) 
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INLET  MAP  DERIVATIVE  PARAMETERS 


PARAMETER  MUMBFR MR  AHtTER'~DEE  IRITTOW KEV 

1 ASPECT  RATIO 

Tucur 

1.0000 

STDErVATE CTJ  TRACT 

';zaoo — ■ 

3 

FIRST  RANT  ANGLE (DEO) 

7.1000 

4 

DESIGN  tIACH  NUMBER 

2.1000 

3 

CUWL  LIP  ILUMTNETS  “ 

.0200 

6 

TAKE  OFF  DOOR  AREA 

.2000 

7 

EXTERNAL  COWL  ANGLE(OES) 

17.5000 

"8 

txlY  tadZZlE  Iyw1^  £ON  JL£ED 

1.0000  " 

0 

EXIT  NOZZLE  ANGLE  FOR  ILEEDIOEG) 

19.0000 

19 

EXIT  FLAP  ASPECT  RATIO  FOR  BLEED 

2.0000 

IT 

till  FLAP  AWtiraK~BtEFD  ‘ 

. 1030 

12 

EXIT  NOZZLE  TTPE  FOR  BTPASS 

1.0000 

1 3 

EXIT  NOZZLE  ANGLE  FOR  BYPASSIDEG) 

15.0000 

TA 

LTrTr"FTT;p'"f  sprrr  rmtr'FaR"  btfa  st 

"2.0000'  

19 

EXIT  FLAP  AREA  FOR  BTPASS 

.2000 

16 

SUBSONIC  DIFFUSER  AREA  RATIO 

1.7000 

1 7 

5Ufl5d*UC  oiKhuitK  toYaL  WALL  ANGLfcfDirGJ 

11.0000 

1 8 

SUBSONIC  DIFFUSER  LOSS  COEFFICIENT 

.1*17 

i 


I 


} 

fr 

* 


Figure  9.  Example  of  TAPE6  Output  (continued) 
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l 


OLD  AFTERBODY  NAPS 


cm  uauix  nab 


AFTERBODY  ORAG  TABLE 


TA0UAB 

NUMBER 

OF  X-PQINTS* 

6 • 

7 ‘tin 

NUMBER 

OF  Y~ 

POINTS* 

S. 

.400 

.037 

.900 

.03? 

i f * 

ulii 

.990 

i Hi 

1.200 
.0  64 

1.400 

.063 

.if 

1.600 

.008 

2.  00. 
. 043 
■ TIT 

2. 300 
.042 

.004 
. 073 
.frM 

. OLA 

.0TS 

— 

.136 

.180 

-iW- 

.122 
• ise 

.JOO~- 

• 094 

.120 

riAG 

.081 

.103 

— 

.066 
.088 
.1-00  • 

.060 

.377 

.04-0 

AWWtGBiMAR  MAWWW-lWttWW 

PARAMETER  number  PARAMETER  DEFINITION  0L0  VALUE 


+ 

2 

3 

A. 

s 


■Atmit  .MATAC-tUCASURJ-RAJ-I-O UWt 

TAIL  FIN  CONFIGURATION  2.0000 

TAIL  FIN  ANGLE  (CEO  0.0000 

tail  t-lU-fOUC  AND  AFT  -LOCATION  R.A.T-IQ JUL 

BASE  AREA  RATIO  0.0000 


THE  FOLLOWING  ARE  THE 

TABLES 

; OF  ST  ATIONI IN!  VERSUS  AREA  1 SOFT  1 

table  number 

a 1 

A10/A9  • 2.16 

63  7.00 
830.00 

44.30  700.00 
30.50  876.00 

41.30 

20.30 

760.00  36.00  800.00  31.00 

820.00 

35. CO 

f ABIE  NUMBER 

= 2 

A10/A9  • 2.30 

STATION  AND  AREA 

AAiji  . ai. 

830.00 

30.30  876.00 

inai 

. . At  n/ii  ~ ....... 

4J7.CQ 

*4,50  700.01) 

4U&0 
.41..  VI 

STATION  AND  AREA 
760.00  36.00  800.00  31.90 

820.00 

25.00 

TABLE  NUMBER 

v 4 

A ID/At  • 3.00 

aaop  A*f*A.  _ 

637.00 

830.00 

44.30  700.00 

20.30  876.00 

41.80 

6.92 

760.00  36.00  800. DO  31.00 

83S.no 

23.00 

4*7  ttM 

table  mmtait 

a* vn&7n n 

■ 3 

A^J  411 

AlO/Af  a 7.43 

STATION  AND  AREA 
78.6. aa  u.an  man. ah  tj.aa 

4fu~niL 

830.00 

20.30  876.00 

6.00 

Figure  9.  Example  of  TAPE6  Output  (continued) 
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I TABLE  NUMBER  * 

\ g « a m Tnn on i 

» X 

* -KP 

A10/A9  B 
STATION  ANO  ARC* 

2.16 

. -an. 

i 

i 

, . 1 

| 130.00  20.80  076.00  20.50 

a 

1 i 

1 STATION  ANO  ARC*  | 

637.09  ♦6.60  700.00  61.50  760.00  36.00  100.00  31.00  020.00  25.00 


T ABIC  NUMBER  ■ 3 *10/69  « 3.33 


637.00 
S3  0 . 00 

♦♦.SO  700.00 
20.50  076.00 

♦ 1.50 
13.39 

760.00  36.00  600.00  31.00 

820.00 

25.00  1 

t 

-61  T < 00 

TABLE  NUMBER 

» 4 

A10/A9  • 5.00 

STATION  AND  AREA 

i , 

i i 

850.00 

20.50  676.00 

8.92 

- (1,1  Z 7-AX 

637.00 

♦♦.SO  700.00 

♦ 3.00 

STATION  AND  AREA 
760.00  AC. 90  BOO. DR  3C..OO 

820.00 

50.00 

OLD  CF6  MRS 


6W I -INPUT-MAP 


CF6  TA8LE 


TABLECV 

NUMBER 

OF  X-P01NTS« 

10. 

NUMBER  OF  t« 

< -KAA * * 

■POINTS* 

7 

• 

1^500 

2 .090 

i.ioo 

i.  act) 

5.003 

£.000 

8.0.00 

10.000 

19.000 

18.000 

.992 

.892 

.988 

.978 

.988 

.999 

.958 

.929 

.905 

.888 

J +%* 

1 *f  t 

_ ■ ^ at 

■ 

.888 

.93! 

.977 

.988 

.988 

.983 

.970 

.990 

.938 

.920 

.882 

.90S 

.98! 

.982 

.988 

.982 

.972 

.989 

.997 

.932 

x ^ *A  0 

- -■**'  - 

-ttU 

- 

-615 

.822 

.art 

.932 

.982 

.977 

.982 

.9  78 

.970 

.959 

.998 

.800 

.887 

.922 

.992 

.970 

.979 

.9TB 

.972 

.981 

.952 

CF6 

MAP  DER  IVATIVE 

PARAMETERS 

BAB  AMt  Tf  8 MUMBta 

PABA8ETE8  00-110.1108,. 

. . OLO-SLA 

UiC 

CIVCRCCMCE  HALF  AMBLE (DEB) 


11.9500 


I 1 


NCW  CFG 


MAPS 


TABLECV  NUMBER  OF  X-POINTS* 


CFG  TABLE 


. NUMBER  CF  Y-POINTS= 


1 .1C  0 £ i 

.992 


OGC  3.B0C  9. SCO  3.000  8.000  8.000  19.000  19.000  18.000 

992  .988  .978  .988  .955  .935  .929  .903  .688 


?aaa*ctce  *ml 

CFG 

1&ID,  • - 

MAP 
-Dm  a* 

DERIVATIVE  PARAMETERS 
irm.  nrFiumoh 

J 

klfD  _ 

1 

DIVERGENCE 

HALF 

ANGLE (DEG  > 

12.5000 

Figure  9.  Example  of  TAPE6  Output  (concluded) 
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N>GET  *DliR2} 

h>GCT  .TAPCDl-TESTiA  • 7APE52''TCST2  *TAPE53«TCST3 

N>BATCM 

ODERB 

DERIVATIVE  PROCEDURE  PROGRAM 
ENTER  CODE  POP  MAPS  TO  DC  CHANGED 

1 pop  inlct  nnr  changes 

2 POP  NOZZLE- APTBODV  CMHNGCS 

3 POP  CV  MAP  CHANGES 


A7S2  INLET  MAP 


ENTER  CODE  POP  OUTPUT  DESIRED 

0 POP  TAPE*  OUTPUT  ONLY 

1 POP  TAPE6  OUTPUT  AND  TAPCltNEU  PIPS  I > TILE 


INLET  TYPE  - TUO  DIMENSIONAL 


external  COMPRESS  I Of' 

^ INLCT  MAr  DERIVATIVE  PARAMETERS 

PAPAME.EP  NUMBER  PAPAMETCP  DEP INI T IDN 

* ASPECT  PATIO 

2 SIDCPLATC  CUTBACK  AC  p.- AT  FT  > 

3 TIFST  RAMP  ANGLE*  DEG'1 

* DESIGN  MACH  NUMBER 

5 COUL  LIP  BLUNT NESS 

6 tape  orr  doop  area  ratio 

1 EXTERNAL  COUL  ANGLE*  DEG'' 

0 EXIT  NOZZLE  TYPE  POP  BLEED* CN«0 «CHD*J > 

C/w  . NOZZLE  ANGLE  TOP  BLEED* DECO 
*?  EXIT  TLAP  AIPCCT  RATIO  TOR  BLEEP 

**  EXIT  PLAT  AREA  RATIO  POP  BLEED 

f?  exit  nozzle  type  top  bypass  * CN«*  0 »CND«  1 > 

*3  exit  nozzle  angle  tor  Bvrnss^pro 

exit  plap  aspect  ratio  pop  bypass 
*5  exit  tlap'  area  ratio  rnr  bypass 

16  SUBSONIC  BIPPUSER  AREA  PATIO 

SUB  S UN  I C BIPPUSER  TOTAL  UALL  ANGLE*  DEG'1 

*C  SUBSONIC  DirruSER  LOSS  CDEPPICICNT 


□LB  VALUE 

: . o oo  o 
.2  00  0 
7 .3  000 
2.0000 
.020  0 
.2000 
17.5  000 
I .0000 

15.0000 
2.0000 

.1  000 
1 .0000 

15.0000 

2.0000 
.2000 

: .5ooo 

10.0000 
.1  000 


Figure  10.  Example  of  a Typical  Terminal  Session 


*%W  Wfcfc  Hr*?**  **  • - 


1 


INPUT  NUMBER  Or  PARAMETERS  TO  BC  CHANGED 
I >4 

INPUT  THE  PARAMETERS  TO  BE  CMANGEB  rOLLOUCB  BV  T»C 
NCU  VALUES  IM  PAIRS (PARAMETER  NUMBER. NCU  VALUE > 


>i  .93  4 2.3  3 . 

03  10  .12 

PARAMETER  NUMBER 

PARAMETER  DEPINITIOM 

NCU  VALUC 

1 

ASPECT  RATIO 

.9500 

4 

DESIGN  MACH  NUMBER 

2.3000 

5 

COUL  LIT  BLUNTNESS 

.0300 

10 

SUBSONIC  DIPPUSER  LOSS  CDCPPICIENT 

„ 1200 

ARE  THE  DERIVATIVE  PARAMETERS  COPPCC K 0-VCS  I»N0> 


I>0 

DERIVATIVE  PROCEDURE  PROGRAM 

ENTER  CODE  POP  MArS  TO  BE  CHANGED 
1 POP  INLET  map  changes 

£ PDR  NOZZLE. 'APTBODY  CHANGES 

3 POP  CV  MAP  CHANGES 

I >2 

CD2R  INPUT  MAP 


ENTER  CODE  POP  OUTPUT  DESIRED 

0 POP  7APEC  OUTPUT  ONLY 

1 PDF'  TAPE*  OUTPUT  AND  TAPE:  < NCU  PIPS  I > PILE 


OrTERBODY  TYPE  - CD*  AH  I SYMMETRIC  DUAL  NUZZLE 

AP'-CRIiODY  MAP  DERIVATIVE  PARAMETERS 


PARAMETER  NUMBER  PARAMETER  DCPINITION  OLD  VALUE 

1 NOI.ZLC  STATIC  PPESSURC  PATIO  1 . 0000 

2 TAIL  PIN  COMriGUPAI IDN  2.0000 

3 TAIL  PIN  ANGLE<DEG>  0.0000 

4 TAIL  TIN  PORE  AND  ArT  LOCATION  PATIO  . I .’30 

3 BASE  AREA  PATIO  0.0000 


INPUT  NLtMBCP  OP  PARAMETERS  TO  BE  CHANGED 

:>i 


Figure  10.  Fxample  of  a Typical  Terminal  Session  (continued) 
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input  the  parameters  to  be  changed  followed  tv  the 
ncu  values  ih  paips<paramctcr  number.  ncu  value> 


I N5  • i 

‘PARAMETER  NUHBCR  PARAMETER  DEFINITION 

5 BASE  AREA  RATIO 


NEU  VALUE 
.1000 


ARE  BCR I VAT  I VC  PARAMETERS  CORRECT  < 0-YCS  1»NC> 

: >0 

THE  FOLLOWING  APE  THE  OLC  TABLCS<STATION< IN>  VERSUS  ARCA<SQFT>> 
ASSOCIATED  UITH  A PAFTICULAF  A 10  09 

the  u:cr  nov  change  a table  value  por  a 

PAPTICULAR  A10-A9  PATIO 


TAPLE  MUMPER  ■ i 010-09  - 2.1G 

STATION  ONP  OREO 

037.00  44  .70  700.00  41  .50760.00  36.00000.00  31.00020.00  35.00 

030. 00  CO. 50  ore. 00  CO. 50 


637 . 00 
03  0 . 00 


TABLE  NUMB  CP  * £ A1  0- A9  ■ £.50 

STATION  ANP  AREA 

44.50700.00  41.50760.00  36.00000.00  31.00030.00  £5.00 

£0.50  076.00  17.04 


TABLE  NIJMBCP  « 3 AlO-'AG  « 3.33 

STATION  ANP  AREA 

637.00  44.50700.00  41.50760.00  36.00000.00  31.00020.00  £5.00 

030.00  CO. 50  076.00  13.39 


637.00 
030 . 0C 


TABLE  NUMBER  « 4 A10A9  * 5.00 

STATION  ANP  AREA 

44.50  700.00  41.50  760.00  36.00  000.00  31.00  020.00  £5.00 

CO. 50  076.00  0.9C 


TABLE  NUIIBCF  - 5 A1C'A9  ■ 7.43 

STATION  ANP  AREA 

637.00  44.50700.00  41.50760.00  36.00000.00  31.00020.00  25.00 

030.00  CO. 50  076.00  6.00 


PCI  YOU  UISH  TO  CHANGE  A TABLE  <0«NO  1«\TS> 


I>0 

DO  YOU  UISH  TO  CHANGE  THE  DEFAULT  A9A0  SCHEDULE < O-NO  I-YES) 
I >0 


Figure  10. 


Example  of  a Typical  Terminal  Session  (continued) 
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DERIVATIVE  PROCEDURE  PROGRAM 

ENTER  CODE  .FOR  MAPS  TO  BE  CHANGED 
: TOR  INLET  flop  CHANGES 

2 FOR  NOZZLE.'AFTBOBY  CHANGES 

5 FOR  CV  NAP  CHANGES 

I >3 

CVJ  INPUT  MAP 


ENTER  CODE  FOP  OUTPUT  DESIRED 

0 FOR  TAPES  OUTPUT  ONLY 

1 FOR  TAPEG  OUTPUT  AMD  TAPE  KNEW  PIPSI>  FILE 


NOZZLE  TYPE  - ROUND  CONVERGENT-DIVERGENT  NOZZLE 

CFG  MAP  DERIVATIVE  PARAMETERS 

PARAMETER  NUMBER  PARAMETER  DEFINITION  DLL  VALUE 

1 DIVERGENCE  HALF  ANGLE < DEO  11.4500 

INPUT  NUMBER  OF  PARAMETERS  TO  BE  CHANGED 

I>I 


INPUT  THE  PARAMETERS  TO  BE  CHANGED  FOLLOWED 

BY  THE  NEW  VALUE  IN  PA IRS (PARAMETER  NUMBER. NEW  VALUE > 


I > S * 2 , 3 

‘parameter  NUMBER  PARAMETER  DEFINITION  NEU  VALUE 

1 DIVERGENCE  HALF  ANGLE < DEG > 12.5000 

OPE  THE  DERIVATIVE  PARONCTERS  CORRECT < 0«VES  I»NO> 

I>0 

DERIVATIVE  PROCEDURE  PROGRAM 

ENTER  CODE  F OR'  MAPS  TO  DE  CHANGED 
2 TOR  INLCT  MAP  CHANGES 

2 TOR  NOZZLE.  AFTBODY  CHANGES 

3 FOR  CV  MAP  CHANGES 

:>"CND" 


Figure  10.  Example  of  a Typical  Terminal  Session  (concluded) 
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If  the  user  does  not  wish  to  continue,  at  this  point  a response  of  "END" 
will  discontinue  execution  of  the  program. 

When  the  option  Is  selected,  the  name  of  the  file  which  Is  the  first  card 
on  the  disk  file  is  printed  to  inform  the  user  of  the  type  of  file  being 
used. 

4.3.2  Output  Code  Type 

The  user  at  this  time  selects  the  type  of  output  desired  from  the  pro- 
gram. The  options  are: 

0 TAPE  6 output  only 

1 TAPE  6 plus  TAP El  (a  new  PIPSI  file) 

Once  the  output  code  has  been  selected,  the  derivative  parameters  are 
listed  at  the  terminal.  Only  the  derivative  parameters  actually  required 
for  this  Input  map  file  are  listed  and  are  modifiable. 

4.3.3  Number  of  Parameters  to  be  Changed 

The  user  looks  at  the  list  of  derivative  parameters  and  decides  how  many 
are  to  be  changed.  That  number  Is  entered  In  response  to  the  prompt. 

4.3.4  Input  of  New  Parameter  Values 

The  user  Inputs  the  parameter  number  and  parameter  value  In  pairs  for  the 
parameters  to  be  changed.  The  results  are  listed  on  the  terminal  for  the 
user  to  review  to  see  If  they  are  correct. 

4.3.5  Is  Input  Correct  Code 

If  the  above  Input  has  been  correct,  the  user  will  enter  a zero;  If  not 
the  user  will  enter  a one  and  the  sequence  of  prompts  and  responses  will 
be  repeated.  At  this  point,  also,  the  user  may  enter  "END"  and  the 
program  will  be  terminated.  After  a zero  has  been  entered  for  this 
prompt,  the  program  executes  and  the  next  prompt  will  be  the  map  type 
code  prompt  discussed  In  4.3.1,  at  which  time  the  user  may  execute 
another  case  or  terminate  execution. 


4.4 


Program  Execution  Sequence 


In  order  to  execute  the  Derivative  Processor,  the  user  must  attach  all 
disk  files  which  are  expected  to  be  used  to  specific  file  names  recog- 
nized by  the  program.  These  are: 

TAPE  SI  ■ Inlet  file  name. 

TAPE  52  * Nozzle/afterbody  drag  file  name. 

TAPE  53  ■ Nozzle  thrust  coefficient  file  name. 

A typical  set  of  control  cards  is  shown  below: 

ATTACH,  TAPE  51  ■ ATS2DP2. 

ATTACH,  TAPE  52  ■ CD2R. 

ATTACH,  TAPE  53  ■ CV1. 

where  ATS2DP2,  CD2R  and  CV1  are  previously  constructed  files  existing  on 
the  user  permanent  files. 

The  user  then  attaches  the  Derivative  Processor  program, 

ATTACH,  DERI VP  ■ existing  permanent  file  name  of  an  absolute  binary 
file  of  the  program. 

It  should  be  noted  here  that  a pre-existing  absolute  file  must  have  been 
generated  and  saved  from  a compilation  and  load  of  the  program.  This  Is 
necessary  In  order  that  the  program  be  able  to  run  In  less  than  60K  octal 
words  In  an  Interactive  environment. 

DERIVP 

This  executes  the  program  and  Is  the  absolute  overlay  file  name  and  must 
be  used  when  executing  the  absolute  file.  The  user  then  responds  to 
prompts  once  the  program  Is  executing.  After  an  "END"  Is  entered,  the 
program  terminates  execution.  At  this  time  the  user  may  elect  to  perform 
different  types  of  outflle  manipulations,  such  as  saving,  listing,  dis- 
posing, or  merging. 
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SECTION  V 
SAMPLE  CASES 


The  purpose  of  the  sample  cases  for  the  derivative  procedure  Is  to  demon- 
strate the  major  flow  paths  In  the  program  used  to  produce  new  Inlet  and 
nozzle/aftbody  maps.  Three  sample  sets  are  provided  for  the  derivative 
procedure  program.  One  set  will  be  used  to  demonstrate  the  major  flow 
paths  used  to  produce  a new  Inlet  map,  the  second  sample  set  will  be  used 
to  demonstrate  the  flow  paths  used  to  produce  a new  nozzle/aftbody  drag 
map,  and  the  third  set  will  be  used  to  demonstrate  the  flow  paths  used  to 
produce  a new  nozzle  Internal  performance  (C-  ) map. 

Each  of  the  sample  cases  Is  described  separately  In  the  sections  which 
follow.  For  each  of  the  sample  cases,  the  following  Information  Is 
provided: 

(1)  Old  (baseline)  Input  data  tables  and  baseline  derivative  param- 
eters for  which  the  data  tables  correspond. 

(2)  A list  of  new  derivative  parameters  for  which  a new  (perturbed) 
map  Is  to  be  produced. 

(3)  a set  of  terminal  Input  commands  used  to  Interactively  generate 
the  new  set  of  Input  data  tables. 

(4)  A new  set  of  Input  tables  produced  by  the  derivative  procedure 
program. 

5.1  INLET  DERIVATIVE  {PROCEDURE  SAMPLE  CASE 

The  baseline  inlet  used  to  demonstrate  the  Inlet  derivative  procedure  Is 
Configuration  #8,  File  Name  ATS2.  The  Inlet  Is  an  external  compression, 
four-shock  Inlet  designed  for  a free-stream  Mach  number  of  2.0.  The 
Inlet  has  two  movable  external  ramps,  a 7.3°  Initial  ramp  angle,  a 
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boundary  layer  control  bleed  system  consisting  of  porous  bleed  on  the 

» 

second  and  third  ramp  surfaces  and  sideplates;  and  a throat  bleed  slot  i 

located  aft  of  the  normal  shock.  The  throat  slot  also  acts  as  a bypass 

to  remove  excess  inlet  airflow  for  matching  engine  airflow  demand  with  ; 

i 

inlet  supply.  The  inlet  characteristics  were  built  up  from  engineering  ! 

analyses  and  available  data  from  similar  configurations  and  components. 

A sketch  of  the  configuration  is  shown  in  Figure  11. 

j 

The  predicted  Inlet  performance  characteristics  for  the  ATS2  Inlet  are 
shown  plotted  in  figures  12  through  21.  These  performance  characteris- 
tics are  entered  as  old  (baseline)  data  tables  (Figure  22). 

Each  set  of  inlet  input  tables  in  the  library  is  accompanied  by  a set  of 
derivative  parameters  that  describe  the  configuration  in  terms  of  its 
important  variables.  An  example  showing  the  derivative  parameters  for  j 

the  ATS2  inlet  is  presented  in  Figure  23.  In  addition  to  the  complete 
set  of  derivative  parameters  for  the  library  Inlet  configuration,  a new 
set  of  inlet  derivative  parameters  must  be  input  by  the  user  to  specify 
the  new  values  of  the  parameters  that  are  to  bo  used  In  the  new  configur- 
ation calculations.  The  new  derivative  parameters  for  the  ATS2  inlet 
test  case  are  shown  in  Figure  24. 

The  set  of  interactive  terminal  commands  input  by  the  user  to  run  the 
Inlot  derivative  procedure  program  is  presented  In  Figure  25. 

i 

The  output  file  obtained  as  a result  of  the  ATS2  Inlet  sample  case  run  is 
presented  in  Figure  26.  The  old  (original  library  configuration)  inlet 
maps  are  printed  out  first  together  with  the  original  derivative  param-  ^ 

eters.  Next,  the  new  set  of  Inlet  maps  Is  printed  out,  with  the  new  set  ; 

of  derivative  parameters  shown  for  reference.  j 

i 

5.2  NOZZLE/AFTBODY  DRAG  DERIVATIVE  PROGRAM  SAMPLE  CASE  i 

The  baseline  nozzle/aftbody  configuration  used  to  demonstrate  the  opera-  ' 

t tion  of  the  nozzle/aftbody  drag  map  derivative  procedure  Is  the  twin,  , 

! 
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o 0.4  OJ  1.2  l.e  2.0 

Mo 

Figure  14.  Matched  Inlet  Mass  Flow  Ratio 
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9.94.  0.0S  0.11  0.10  OJO  0J4 


Figure  20.  Bypass  Drog  vs.  Byposs  Moss  Flow  Rotlo 
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Figure  22.  ATS?  Inlet  Input  Data  Tables 
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Figure  22.  ATS2  Inlet  Input  Data  Tables  (concluded) 
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INLET  TYPE  - TUO  DIMENSIONAL 


mode-  external 

COMPRESSION 

INLET  MAP  DERIVATIVE  PARAMETERS 

parameter  number  parameter  definition 

OLD  VALUE 

4 

A 

ASPECT  RATIO 

1.0000 

£ 

SIDEPLATE  CUTBACK 

.2000 

3 

FIRST  RAMP  ANGLE  < DEO 

7.3000 

4 

DESIGN  MACH  NUMBER 

£.0000 

5 

COUL  LIP  BLUNTNESS 

. 0200 

6 

TAKE  OFF  DOOR  AREA 

.£000 

• 

EXTERNAL  COUL  ANGLE  < DEO 

17.5000 

0 

EXIT  NOZZLE  TYPE  FOR  BLEED 

1.0000 

9 

EXIT  NOZZLE  ANGLE  FOR  BLEED < DEO 

15.0000 

10 

EXIT  FLAP  ASPECT  RATIO  FOR  BLEED 

£.0000 

11 

EXIT  FLAP  AREA  FOR  BLEED 

.1000 

1C 

EXIT  NOZZLE  TYPE  FOR  BYPASS 

1.0000 

13 

EXIT  NUZZLE  ANGLE  FOR  BVPASS<DEG> 

15.0000 

14 

EXIT  FLAP  ASPECT  RATIO  FOR  BYPASS 

£.0000 

15 

EXIT  FLAP  AREA  FOR  BYPASS 

.£000 

16 

SUBSONIC  DIFFUSER  AREA  RATIO 

1.5000 

1? 

SUBSONIC  DIFFUSER  TOTAL  UALL  ANGLE < DEO 

10.0000 

10 

SUBSONIC  DIFFUSER  LOSS  COEFFICIENT 

.2  000 

Figure  23.  Old  Inlet  Derivative  Parameters 
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PARAMETER  NUMBER 

PARAMETER  DEFINITION 

NEW  VALUE 

1 

ASPECT  RATIO 

.9500 

4 

DESIGN  MACH  NUMBER 

2.5000 

5 

COWL  LIP  BLUNTNESS 

.0300 

18 

SUBSONIC  DIFFUSER  LOSS  COEFFICIENT 

.1200 

Figure  24.  New  Inlet  Derivative  Parameters 
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N>GCT «DCRB 


NMSET.TAPC31-7EST1A.7APC32-7ES72.TAPE53-TEST3 

tovrrcH 

OBCRB 

DERIVATIVE  PROCEDURE  PPD6FAN 

ENTER  CODE  FOR  MAPS  TO  BE  CHANGED 

1 FOR  INLET  NAT  CHANGES 

2 FOR  NOZZLE-'AFTIJUDY  CMANGCS 

3 FOR  CV  MAP  CHANGES 

i>i 

A7S2  INLET  NOT 


ENTER  CODE  FOR  OUTPUT  DESIRED 

0 FOR  TAPE6  OUTPUT  ONLY 

1 FOR  TAPE6  OUTPUT  AND  TAPEI <NCU  PIPSI>  FILE 


INLET  TYPE  - TWO 

DIMENSIONAL 

NODE-  EXTERNAL  COMPRESS ION 

INLET  NAP  DERIVATIVE  PARAMETERS 

PARAMETER  NUMBER 

PARAMETER  DEFINITION 
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2 
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FIRST  RAMP  ANGLE < BEG) 
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EXIT  NOZZLE  TYPE  FOR  BLEED<CN«0 *CND« J > 
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9 

EXIT  NOZZLE  ANGLE  FOR  BLEED < DEC > 
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10 

EXIT  FLAP  ASPECT  RATIO  FOR  BLEED 

2.0000 

11 

EXIT  FLOP  AREA  RATIO  FOR  BLEED 
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:c 
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1.0000 

13 

EXIT  NOZZLE  ANGLE  FOR  BYPASS <DCG> 

15.0000 

14 

EXIT  FLAT  ASPECT  RATIO  FOR  BYPASS 
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IS 

EXIT  FLAP  AREA  RATIO  FOR  BYPASS 

.2000  ! 

16 

SUBSONIC  DIFFUSER  AREA  RATIO 
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17 

SUBSONIC  DIFFUSER  TOTAL  WALL  ANGLE <BEG> 
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10 

SUBSONIC  DIFFUSER  LOSS  COEFFICIENT 

.1000 

Figure  25,  Terminal  Input  Commands  for  Inlet  Derivative  Program  j 
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I>0  i 

DERIVATIVE  PROCEDURE  PROGRAM 

ENTER  CODE  FOR  MAPS  TO  BE  CHANGED  ! 
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2 FOR  MOZZLE-'AFTBQPY  CHANGES  ! 
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0 FOR  TAPE6  OUTPUT  ONLY 
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2 TAIL  FIN  CONFIGURATION  2.0000 

3 TAIL  FIN  ANGLC(DEG)  0.0000 

4 TAIL  FIN  FORE  AND  AFT  LOCATION  RATIO  .1736 

9 BASE  AREA  RATIO  0.0000 


INPUT  NUMBER  OF  PARAMETERS  TO  BE  CHANGED 
D-END" 


Figure  25.  Terminal  Input  Commands  for  Inlet  Derivative  Program  (concluded) 


NEW  VALUE 
.9900 
2*3000 
.0300 
.1200 


94 


*T«  1NLKT  «Uf> 


irftst  tut 


TABLES 

•UMBER 

OF  K-P0IN7S* 

7. 

NUHBII 

OF  T-FOtNTS* 

B.  ! 

0.909 

.««« 

.090 

1.000 

1.200 

1.A00 

1.700  2.200 

4«okta 

T 1 11 

nw 

■nt  vm 

‘IB 

.Us 

0.000 

0.000 

0.000 

0.000 

0.000 

O.AOO 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

“ 07009  ' 

• S#OC 

o Hi 

— .2B0  ■ 

• 1B0 

iioil 

0.000 

.090 

.100 

• 190 

.217 

• .240 

.179 

0.000 

.OJA 

.079 

.117 

.141 

.220 

.200 

WM  ri  1 n 

mm  pm 

■n-j 

r 

• ii9 

.119 

•TCI 

0.000 

.029 

.092 

.001 

.114 

.140 

.214 

0.000 

.020 

.099 

.OTA 

.110 

.191 

.210 

BOUNDART  LATCH  BLEED  OKU 


TtllEtt  NUMBER  OF  T POINTS  • 0. 

•“RUfficirar-r  foiwii  * r. r. sr i: ~r. 47 tr 

0.000  .TOO  L.000  t.ZOO  I. TOO  1.000  1.000  2.000 

0.000  1.000 


Q»u^g 

0.000 

1.000 

0.000 

0.900 

• 400 

Vfll  'i'JB 

.III 

■rvi*!'  m 

.00B 

.007 

.009 

.001 

0.000 

.400 

.TOO 

.440 

.400 

1.000 

.014 

• VII 

1 "701  O'" 

• u«l4 

“or nr 

.409 

.700 

.494 

.400 

1.000 

.022 

.020 

.019 

.012 

0.000 

i AOT" 

rrtro 

.400 

‘olfT 

.410“ 

.010 

.024 

.024 

.020 

.014 

0.000 

.409 

.700 

.400 

.404 

.410 

1.000 

o04|[ 

.077" 

a(f!5 

— Ttrrr- 

“orooo 

.400 

.700 

.BOO 

.400 

.410 

1.000 

.040 

.094 

.090 

.017 

.010 

0.000 

HATCHED  BOUNDARY  LATER  BLEED 


TABLE tl  AUUIt  3F  POINTS  - 9. 

— 0700c — 7400 — rrroo — rmn — r.wr 

0.009  0.000  .010  .020  .010 


Figure  16.  Derivative  Procedure  Output  File  (continued) 
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Figure  26.  Derivative  Procedure  Output  File  (continued) 
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Figure  26.  Derivative  Procedure  Output  File  (continued) 
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Figure  26.  Derlvetlve  Procedure  Output  File  (continued) 
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Figure  26,  Der1v»t1ve  Procedure  Output  File  (concluded) 
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round,  convergent-divergent  nozzle  Installation  designated  by  File  Name 
CD2R.  This  configuration  and  Its  area  distribution  are  shown  In  Figure 
27.  The  nozzle/aftbody  drag  characteristics  for  the  CD2R  library 
configuration  are  presented  in  Figure  28.  Cn  Is  presented  as  a 
function  of  free-stream  Mach  number  and  A^q/A£  for  a fully-expanded 
nozzle  (Pg/Pjj  * 1.0).  Figure  29  shows  the  calculated  effect  of 
making  a shape  change  to  the  nozzle/aftbody. 


Figure  30  presents  the  old  (library  configuration)  nozzle/aftbody  deriva- 
tive parameters  that  were  used  as  Input  for  the  twin  round  convergent- 
divergent  nozzle  configuration,  and  Figure  31  shows  the  new  nozzle/aft- 
body  derivative  parameter  data  that  were  used  as  Interactive  user  Input 
Into  the  derivative  procedure  program.  The  sample  Interactive  Input  used 
to  create  a new  nozzle/aftbody  drag  map  using  a shape  change  are 
presented  In  Figure  32.  Figure  33  presents  the  output  from  the  TAPE6 
nozzle/aftbody  drag  calculations  which  shows  both  the  old  and  new  aftbody 
drag  maps  resulting  from  the  Interactive  session. 


5.3  NOZZLE  CP  DERIVATIVE  PROCEDURE  SAMPLE  CASE 

b 

The  nozzle  configuration  used  to  demonstrate  the  nozzle  Cp  deriva- 
tive procedure  Is  the  round  convergent-divergent  nozzle  cofif Iguratlon 
designated  as  CV1.  This  nozzle  configuration  Is  shown  In  Figure  34. 

Also  shown  plotted  In  Figure  34  Is  the  baseline  nozzle  Cp  variation 
as  a function  of  nozzle  pressure  ratio  and  area  ratio.  T^ese  plotted 
data  are  used  In  table  form  as  the  old  nozzle  Input  map  Figure  35. 

Figure  36  shows  the  old  nozzle  derivative  parameters  for  the  library 
nozzle.  Figure  37  presents  the  sample  Interactive  Input  commands  used  to 
create  a new  nozzle  Cp  map  file  which  corresponds  to  a new  nozzle 
divergence  half-angle  §f  12.5  degrees.  The  calculated  results  (TAPE6 
output)  showing  both  the  old  and  new  nozzle  Cp  maps  is  presented  In 
Figure  38.  Plotted  data  showing  the  effect  ofGchanging  the  nozzle  diver- 
gence half-angle  from  11.45°  to  12.5°  for  a nozzle  area  ratio  of  1.60 
are  presented  In  Figure  39. 
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TABLEAB  DUMBER  3 F X-POINTS* 


AFTERBODY  DRAB  TABLE 


9.  NUMBER  OF  Y-POINTS* 


.930  .990  1.190  1.200  1.900  1.6GC  2.090  2.900 

•037  .037  .096  .069  .065  .035  .995  .092 


3 BASE  AREA  RATIO 


ME  F3LL0.IN6  ARE  THL  TAoLES  OF  STATXON(IN)  VERSUS  AREA(SUFT) 
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•30.00 

99.50  700.00 
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17.69 
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TABLE  NUMBER 

E A 
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• 30. CC 

99.50  700.00 

20.50  676.00 

91.50 

8.92 

760.00  3b. 00  B 00. 0 0 31.00 

820.00 

25.00 

j 

TABLE  NUMBER 

e 5 
4 ll  T f 

A10/A9  = 7.92 
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A r%  ft  _ .1  n 

130.03 

23.50  876.00 
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Figure  30.  Old  Nozzte/Aftbody  D*r1v«ttvB  f arwctcrs 
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STATION  AND  AREA 

637. DC  44. 5D  70%  CO  43. UC  763. OS  43.03  6CU. 00  36.00  620. DC  30.00 

--»HFr»8 6-76.t0 6-r68 


Figure  31.  New  Nozrle/Aftbody  Derivative  Parameters 
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DERIVATIVE  PROCEDURE  PROGRAM 

ENTER  CODE  FOR  MAPS  TO  BE  CHANGED 

1 FDR  INLET  MAP  CHANGES 

2 FOR  NOZZLE/AFTBODY  CHANGES 

3 FDR  CV  MAP  CHANGES 

I >2 

CD2R  INPUT  MAP 


ENTER  CODE  FOR  OUTPUT  DESIRED 

0 FOR  TAPE*  OUTPUT  ONLY 

1 FOR  TAPE*  OUTPUT  AND  TAPE  KNEW  PIPSI>  FILE 
I >1 

AFTERBODY  TYPE  • CD-AX I SYMMETRIC  DUAL  NOZZLE 

AFTERBODY  MAP  DERIVATIVE  PARAMETERS 
PARAMETER  DEFINITION 
NOZZLE  STATIC  PRESSURE  RATIO 
TAIL  FIN  CONFIGURATION 
TAIL  FIN  ANGLE < DEG > 

TAIL  FIN  FORE  AND  AFT  LOCATION  RATIO 
BASE  AREA  RATIO 


PARAMETER  NUMBER 

1 

2 

3 

4 

5 


OLD  VALUE 
1.0000 
2.0000 
0.0000 
.1736 
0.0000 


INPUT  NUMBER  OF  PARAMETERS  TO  BE  CHANGED 
I>0 

ARE  DERIVATIVE  PARAMETERS  CORRECT* 0-YES  1»N0> 

I>0 

THE  FOLLOWING  ARE  THE  OLD  TABLES<STATION< IN>  VERSUS  AREA<SQFT>> 
ASSOCIATED  WITH  A PARTICULAR  A10/'A9 
THE  USER  MAY  CHANGE  A TABLE  VALUE  FDR  A 
PARTICULAR  A10'A9  RATIO 


TABLE  NUMBER  - 1 


A10/-A9  ■ 2.18 

STATION  AND  AREA 


637.00 

44.50 

700.00 

41.50 

760.00  36.00 

800.00 

31.00 

820.00 

25.00 

830.00 

20.50 

876.00 

20.50 

TABLE  NUMBER  - 2 

A10/A9  - 

2.50 

STATION  AND  AREA 

637.00 
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700.00 

41.50 

760.00  36.00 

800.00 

31.00 

820.00 

25.00 

830.00 

20.50 

876.00 

17.84 

Flflurt  32.  Saeplt  Interactive  Input  for  Creating  a New  Nozzla/Aftbody 
Drag  Nap 
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TABLE  NUMBER  ■ 3 A10'A9  - 3.33 

STATION  AND  AREA 

637.00  44.50700.00  41.50760.00  36.00800.00  31.00820.00  25.00 

830.00  20.50  876.00  13.33 

TABLE  NUMBER  - 4 A10/A9  ■ 5.00 

STATION  AND  AREA 

637.00  44.50  700.00  41.50  760.00  36.00  800.00  31.00  820.00  25.00 

830.00  20.50  876.00  8.92 


TABLE  NUMBER  ■ 5 A10/A9  • 7.43 

STATION  AND  AREA 

637.00  44.50  700.00  41.50  760.00  36.00  800.00  31.00  820.00  25.00 

830.00  20.50  876.00  '6.00 
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I >637 . 44.5  700.  43.  760.  40.  800.  36.  820.  30.  830.  22.  876.  6. 

THE  FOLLOWING  ARE  THE  NEW  TA8LES<STATIDN< IN>  VERSUS  AREA<SQFT>) 
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THE  USER  MAY  CHANGE  A TABLE  VALUE  FOR  A 
PARTICULAR  A10xA9  RATIO 
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STATION  AND  AREA 
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ARE  TABLES  CORRECT < 0-YES  1-NO) 
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I>0 

DERIVATIVE  PROCEDURE  PROGRAM 

ENTER  CODE  FOR  MAPS  TO  BE  CHANGED 

1 FOR  INLET  MAP  CHANGES 

2 FOR  NOZZLE /AFTBODY  CHANGES 

3 FOR  CV  MAP  CHANGES 

I >"END" 


Figure  32.  Sample  Interactive  Input  for  Creating  a New  Noxrle/Aftbody 
Drag  Map  (concluded)  no 
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Figure  33.  Output  froa  Moxzle/Aftbody  Drag  Nap  Calculation 
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Figure  33.  Output  from  Nozzl e/Af tbody  Drag  Map  Calculation  (concluded) 
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Figure  34.  Gross  Thrust  Coefficient  for  a Round  C-0  Nottle 
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NOZZLE  7YPE  - ROUND  CONVERGENT-DIVERGENT  NOZZLE 

CFG  NAP  DERIVATIVE  PARAMETERS 
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Figure  36.  Old  Nozzle  Derivative  Parameters 


DERIVATIVE  PROCEDURE  PROGRAM 
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Figure  37 


Sample  Interactive  Input  for  Creating  a New  Nozzle  CpG  flap 
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Figure  38.  Termini!  Output  for  Rozzle  Cpg  Nap 
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Figure  39.  Effect  of  Change  In  Divergence  Half -Angle  on  Cpg  of  a 
Round  C-D  Nozzle 


SECTION  VI 
FLOW  CHARTS 


ii 


T his  section  presents  thu  engineering  flow  charts  used  to  develop  the 
derivative  procedure  compute  program.  Section  6.1  presents  the  Inlet 
derivative  procedure  flow  charts,  Section  6.2  presents  the  nozzle/ aftbody 
drag  derivative  procedure  flow  cherts,  and  Section  6.3  presents  the 
nozzle  gross  thrust  coefficient  derivative  procedure  flow  charts. 
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Figure  40.  Flow  Chirt  for  Step  1 
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figure  40,  flow  Chort  for  Stop  1 (eont'd) 

124 


XM  111  - OS 
XMCS  - M 
XM tH  - MOOMww 

XMULTHI  • MOOaMMKXieSMW 
XMULTCQ  - XMtM-T  (It 
XMJLT  a - Ml 


Ptjur*  *0.  Plow  Chart  for  Step  1 (cont'd) 
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Figure  4Q,  Flow  Chart  for  Step  1 (concluded) 
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Figure  41.  Flow  Chart  for  Step  2 
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Figure  43 v Flow  Chart  for  Step  4 
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Figure  «4.  Flow  Chart  for  Step  5 
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Figure  44.  Flow  Chart  for  Step  5 (cont'd) 
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Figure  45.  Flow  Chart  for  Step  6 
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Figure  46.  Flow  Chert  for  Step  7 
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NOZZLE/AFTBODY  DRAG  DERIVATIVE  PROCEDURE 


r tjurt  47.  Flow  Chart  for  Nozzle/Aftbody  /Drag  Procedure  (Cont.d) 
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Figure  47.  Flow  Chart  for  Nozzle/Aftbody  Drag  Procedure  (Concluded) 
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FOR  ROUND  C-D  NOZZLES 
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Figure  A8.  Flow  Chert  for  Cpr  Derivative  Procedure  for  a Round 
C-D  Nozzle  141 
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Figure  49.  Flow  Chert  for  CpR  Derivative  Procedure  for 
Plug  Nozzle  * 
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2-D/C-D  NOZZLE  % DERIVATIVE  PROCEDURE 
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Figure  SO.  Flo#  Chart  for  C;e  Derivative  Procedure  for  a 2-D  C-D 
Nowle 
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F1gur«  SQ.  Flow  Chart  for  Cp  Derivative  Procedure  for  a 2 
Nestle  (Cont.d)  ® 
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2-D  PLUG  NOZZLE  cfc  DERIVATIVE  PROCEDURE 


*BUILT  INTO  BASIC  PROGRAM. 
SHOWN  FOR  INFORMATION  ONLY. 


Flour#  51.  Flow  Chart  for  Cf-  Derivative  Procedure  for  a 2-D 

m ...  T ^ ° 


Plug  Nozzle 
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Figure  51.  Flow  Chart  for  CpQ  Derivative  Procedure  for  a 2-D  Plug 
Nozzle  (Concluded) 
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